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THE  SECRETARY  OF  THE  TREASURY. 


LN   BBSPOKSE  TO 


A  resolution  of  the  House  of  Representatives  transmitting  the  observations  and  notes  made  during  the 

cruise  of  the  revenue-cutter  Corwin  in  1881. 


Mabch  3,  1883. — Referred  to  the  Committee  on  Commerce  and  ordered  to  be  printed. 


Treasury  Department,  March  3, 1883. 

Sir:  I  have  the  honor  to  acknowledge  the  receipt  of  resolution  of  the  House,  dated  March  3, 
1883,  requesting  that  the  Secretary  of  the  Treasury  furnish,  as  soon  as  convenient,  to  the  Speaker 
of  the  House  copies  of  documents  in  the  possession  of  the  Treasury  Department  containing  obser- 
vations on  glaciation,  birds,  natural  history,  and  the  medical  notes  made  upon  cruises  of  revenue - 
cutters  in  the  year  1881. 

In  reply,  I  transmit  herewith  the  observations  on  glaciation  in  the  Arctic  Ocean  and  the  Alaska 
region,  made  by  Mr.  John  Muir;  notes  upon  the  birds  and  natural  history  of  Bering  Sea  and  the 
northwestern  region,  by  Mr.  E.  W.  Nelson;  and  medical  notes  and  anthropological  notes  relating 
to  the  natives  of  Alaska  and  the  northwestern  Arctic  region,  made  by  Dr.  Irving  0.  Rosse. 

All  these  notes  were  made  upon  the  cruise  of  the  revenue-cutter  Corwin  in  1881. 

Very  respectfully, 

H.  F.  FRENCH, 

Acting  Secretary. 
Hon.  J.  W.  Keeper, 

Speaker  of  the  House  of  Representatives. 
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BY 
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MEDICAL  AND  ANTHROPOLOGICAL  NOTES. 


liBTTER   OF   TRANSMITTAIi. 

WASHmaTON,  April  29, 1882. 

Sib  :  I  have  the  honor  to  transmit  herewith  a  copy  of  medical  and  anthropological  notes  of  the 
cruise  of  the  revenae-catter  Gorwin  to  Alaska  and  the  Arctic  Ocean. 
Very  respectfully,  your  obedient  servant, 

IRVrNTG  C.  R088E,  M.  D. 

{Through  Revenue  Marine.) 
The  Hon.  Seobetabt  of  the  Tbea'subt. 
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MEDICAL    AND    ANTHROPOLOGICAL    NOTES. 


GBNERAIi   NOTES. 

For  the  man  of  broad  ideas  and  enthusiasm  for  humanity,  more  especially  for  the  medical 
man,  there  exists  but  one  people,  namely,  the  human  race,  which  he  studies  in  all  its  varieties,  physical 
«nd  moral,  in  order  not  to  hesitate,  according  to  the  expression  of  Hippocrates,  in  the  treatment  of 
disease.  Experience  and  observation  show,  however,  that  no  wide  differences  exist  in  the  race 
when  regarded  from  a  biological  or  a  medical  aspect;  and  the  infirmities  of  men,  notwithstanding 
their  physical  inequalities  and  the  extended  range  of  the  nosological  table,  are  much  the  same  the 
world  over,  no  matter  whether  they  be  classified  as  belonging  to  the  Caucasian,  Mongolian,  or 
Hyperborean  races. 

The  object  of  this  paper  is  to  record,  in  a  fragmentary  way,  some  observations,  as  they  have 
occurred  to  the  writer  during  a  late  hyperborean  experience,  which  afforded  exceptional  advan- 
tages for  noting  a  few  of  the  changes  and  variations  that  are  brought  about  in  the  human  economy 
by  climatic  influences  and  the  environments  of  high  latitudes — by  the  surroundings,  in  fact,  of  that 
part  of  the  earth  which  Hippocrates  places  under  the  constellation  of  the  Bear  and  beyond  the 
Biphsean  Mountains  whence  blows  the  north  wind,  and  where  the  sun,  says  he,  is  near  them  only 
in  the  summer  solstice,  but  warms  these  places  only  a  short  time ;  the  winds  which  blow  from  warm 
countries  reaching  there  but  seldom  and  with  little  force. 

These  simple,  true,  and  philosophical  observations  of  the  <' divine  old  man,''  it  may  be  remarked, 
are  in  striking  contrast  to  those  of  Tacitus,  who  indulges  in  the  usual  mixture  of  true  and  false 
which  fills  the  pages  of  the  ancients  when  treating  of  geographical  subjects. 

Whether  the  early  Greek  conception  of  the  people  living  beyond  the  north  wind  and  giving  rise 
to  the  Delian  legends  was  based  on  any  geographical  relations  at  all,  or  was  originally  the  myth- 
ical notion  of  the  poets  relative  to  an  imaginary  nice,  it  is.  difficult  to  say — the  question  only  i*aising 
a  doubt  that  places  us  in  a  dilemma.  Fabulous  or  not,  we  know  that  the  subject  was  one  of  pop- 
ular interest  in  high  antiquity,  giving  rise  to  a  work  on  the  Hyperboreans  in  the  time  of  Alexander 
the  Great,  and  that  when  Virgil  and  Horace  speak  of  the  '' Hyperboreae  orae"  and  "  Hyperborei 
campi"  to  indicate  most  northerly,  they  only  made  use  of  expressions  which  have  served  as  con- 
necting links  in  literature  to  extend  the  interest  from  the  epoch  of  Hecataeiis  of  Abdera  down  to 
the  days  of  Mr.  James  Gordon  Bennett. 

Among  the  numerous  historic  men  who  have  sought  adventure  in  this  most  weird,  remote, 
and  wonderful  part  of  the  globe  from  the  early  times  of  Naddod  the  Viking  and  Garder,  down  to 
Markham  and  De  Long,  we  hear  such  tales  of  privation,  disease,  and  suffering  that  the  wonder 
is  that  men  should  still  see  about  the  mysterious, regions  of  the  north  so  much  that  is  fascinating 
and  romantic.  But  as  the  subject  is  not  to  be  treated  from  a  sentimental  or  an  sBSthetic  point  of 
view,  these  prefatory  remarks  must  yield  to  considerations  of  a  more  practical  and  commonplace 
character. 

THJC  VOYAGE. 

in  obedience  to  instructions  1  proceeded  overland  to  San  Francisco,  Cal. ;  and  after  an  una  void, 
able  delay  of  several  days  from  irregularities  of  railway  travel,  which  had  been  interrupted  by  the 
floods  of  the  Missouri-Mississippi  River,  I  joined  the  Arctic  Belief  steamer  Gorwin  on  May  2.  An 
inspection  showed  the  Gorwin  to  be  in  good  sanitary  condition  with  the  exception  of  imperfect 
ventilation  of  the  berth-deck  and  ward-room,  the  means  for  furnishing  air  to  these  overcrowded 
apartments  being  inadequate  to  supply  every  occupant  with  the  twenty  cubic  feet  of  fresh  air 
everv  minute  which  the  best  authorities  agree  that  a  healthy  man  requires.    The  insalubrity  of  the 

(9) 

H.  Ex.  105 2 


10  CRUISE  OP  STEAMER  C  JRWIN  IN  THE  ARCTIC  OCEAN. 

berth-deck  was  further  increased  by  the  humidity  brought  about  by  the  habit  of  deluging  the  decks 
above  and  below  every  morning  with  water.  At  my  suggestion  this  very  reprehensible  practice 
was  happily  abolished  on  the  berth  deck,  scraping  and  dry  scrubbing  being  substituted,  and  the 
deck  was  not  wetted  oft»ener  than  once  or  twice  a  month,  and  only  at  times  when  the  prevalence  of 
fine  weather  would  justify  doing  so. 

After  procuring  such  a  medical  outfit  as  the  exigencies  of  the  cruise  might  require,  and  after 
taking  the  necessary  precautions  as  to  the  hygienic  condition  of  the  vessel  and  crew,  we  started  on 
our  humane  mission,  putting  to  sea  on  May  4  and  meeting  with  seven  or  eight  uneventful  days  of 
pleasant  weather,  exceptionally  so  for  the  season.  The  ocean,  somewhat  deserving  of  the  adjective 
that  designates  it,  displayed  its  prettiest  combinations  of  lapis  lazuli  and  idtramarine  tints  and 
sunset  efifect<s  as  we  steamed  through  miles  of  medusidse;  and  had  it  not  been  for  the  occasional 
sight  of  whales  and  little  black  divers,  with  the  daily  fall  in  the  thermometer,  we  should  not  have 
known  of  our  approach  to  the  north.  Tbis  happy  state  of  aifairs  did  not  continue  long  on  reaching* 
a  higher  latitude,  where  we  were  beset  by  pelting  hail  and  furious  storms  of  snow  and  all  the 
discomforts  of  sea  life,  causing  a  p^nible  tmvigation  in  every  sense  of  the  term.  The  increased 
cold,  as  we  neared  the  north,  had  no  perceptible  effect  for  the  worse  on  the  health  of  the  ship's 
company;  and  it  is  gratifying  to  state  that  but  few  serious  cases,  either  surgical  or  medical, 
occurred  during  the  entire  voyage,  a  happy  event,  undoubtedly  owing  to  the  careful  precautionary 
measures  taken  to  secure  full  efficiency  and  to  the  excellent  routine  and  discipline. 

The  Corwin  is  a  good  sea  vessel,  being  tolerably  dry  in  bad  weather,  and  her  oscillations  are 
easy  for  a  small  craft.  At  the  outset  of  the  cruise,  however,  we  were  placed  in  the  best  possible 
conditions'  for  studying  both  subjectively  and  objectively  the  strange  phenomena  of  that  doleful 
tribute  of  suffering  that  so  many  people  are  obliged  to  pay  to  the  sea.  Unfortunately  so  little  is 
known  of  the  nature  and  origin  of  this  most  distressing  affection,  and  medical  science  has  done  so 
little  to  assuage  it«  attacks,  the  wonder  is  that  more  extended  experiments  are  not  made  by  medical 
men  in  regard  to  seasickness.  In  spite  of  many  theories  and  hypotheses  that  have  been  advanced 
to  explain  the  phenomena  of  this  so-called  disease,  we  know  that  its  causes  are  purely  physical ; 
the  swinging  of  the  diaphragm,  the  disturbance  of  the  equilibrium  in  the  fluid  cont«nt«  of  the 
body— just  as  the  mercury  pumps  up  and  down  in  a  barome'.er — and  the  consequent  reflex  impres- 
sibility of  the  ganglionic,  pueumogastric,  and  cerebrospinal  system  of  nerves  producing  a  kind  of 
trisplanchnic  neurosis,  which  varies  in  dift'erent  individuals  according  to  peculiarity  of  strnctare 
and  susceptibility. 

Experience  convinces  that  no  drug  known  to  the  pharmacopceia  will  prevent  or  cure  seasick- 
ness, notwithstanding  the  assertions  of  eminent  medical  authority  to  the  contrary.  Resolute  effort 
of  the  will  and  tlie  resort  to  such  palliatives  as  drinks  containing  an  excess  of  carbon  dioxide, 
iced  champagne  and  bottled  Milwaukee  beer  for  example,  and  oranges,  were  found  to  be  the 
most  efficacious  modes  of  treatment  adopted  in  the  numerous  cases  of  this  almost  unmitigated 
evil  coming  under  my  observation. 

A  portion  of  the  crew  suffered  from  violent  phlegmon  of  the  hand,  arising  doubtless  from  the 
combined  influences  of  long  confinement  on  shipboard,  sea  diet,  and  unusual  climatic  conditions. 
This  affection  was  not  confined  to  our  vessel  alone,  for  it  prevailed  extensively  among  the  whale- 
men as  well.  The  worst  cases  occurred  among  men  whose  history  revealed  the  previous  existence 
of  syphilis.  To  remedy  the  condition  it  was  recommended  that  the  entire  ship's  company  be 
allowed  a  run  ashore  as  often  as  practicable,  and  that  there  be  added  to  the  usual  dietary  a  ration 
of  cranberries,  a  supply  of  which  had  been  laid  in  among  other  antiscorbutics.  Happily,  these 
directions  were  complied  with  as  far  as  possible,  and  I  had  the  satisfaction  to  witness  the  good 
results. 

Another  affection  prevailing  extensively  among  the  crew  was  a  cuUiueous  eruption  attended  by 
excessive  itching,  which  I  at  first  suspected  to  be  due  to  the  presence  of  pediculi ;  but  subsequent 
experience  showed  that  temporary  alleviation  could  be  brought  about  by  the  administration  of 
calcined  magnesia  and  the  topical  application  of  vinegar  and  water.  I  may  mention  incidentally 
that  my  friend  Dr.  Charles  Smart,  d.  S.  A.,  who  has  cruised  in  the  Arctic  as  far  as  latitude  82^  on 
a  Peterhead  whaleman,  says  that  he  has  often  noticed  the  foregoing  symptoms  in  connection  with 
rheumatism  among  sailors,  and  also  among  soldiers  in  Arizona,  who  had  been  living  for  some  time 
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on  the  army  ration.    He  regards  the  symptoms  to  arise  from  inauition,  and  as  the  ones  that  asoally 
pveoede  an  outbreak  of  scurvy. 

A  few  cases  of  retom  of  intermittent  fever  brought  about  by  wet  and  fatigue,  and  of  rheuma- 
tism—*which  seemed  to  be  the  prevailing  ailment — the  usual  quota  of  headaches,  constipation,  and 
oolic,  with  several  cases  of  minor  surgery,  and  a  few  cases  of  venereal  contracted  at  Ounalaska, 
make  up  tlie  sick-list  so  far  as  the  crew  proper  is  concerned. 

It  may  not  be  foreign  to  the  subject  to  remark  that  the  sanitary  conditiou  of  the  Oorwin,  and 
indeed  of  other  vessels  in  the  revenue  service,  might  be  greatly  improved  by  covering  the  berth-deck 
with  a  coating  of  shellac;  and  better  ventilation  might  be  secured  by  an  arrangement  similar  to 
that  found  on  the  latest  English  naval  vessels,  where  a  flue  passes  up  through  the  side  of  the  ship 
until  it  opens  just  beneath  the  hammock-rail  on  the  inside  of  the  bulwarks,  and  is  covered  with  a 
Venetian  blind.  Further  advantage,  especially  in  the  way  of  lighting,  would  result  from  larger 
air-ports  having  a  glass,  convex  externally  and  prismoidal  on  its  inner  surface,  in  order  to  facilitate 
the  dispersion  of  light  when  the  port  is  closed.  The  galley  situated  on  the  berth-deck  of  the 
Corwin  was  the  source  of  excessive  condensation  and  drip,  which  was  always  increased  in  the 
morning  by  shutting  a  small  skylight  when  washing  down  decks;  a  proceeding  seemingly  incon- 
siatient  with  enlightened  common  sense,  especially  when  the  decks  have  been  wet  the  whole 
previons  twenty-four  hours  from  rain  or  the  seas  washing  over  them.  The  nuisance  was  in  a 
measure  abated  by  wiping  the  beams  overhead  and  lighting  a  Are  in  a  drying  stove. 

The  facilitie^i  for  warming  were  good  throughout  the  ship,  and  the  water  supply  was  perhaps 
better  than  usual,  owing  to  the  fact  that  the  water  in  the  Arctic  contains  but  a  small  percentage 
of  organic  or  earthy  impurities.  At  Ounalaska  water  was  obtained  from  a  small  reservoir  in  an 
adjacent  hilL  but  it  ha<l  an  unpleasant  earthy  taste.  Better  wat^r  was  had  at  Saint  Michael's 
Here  a  spring  wells  up  amid  some  rocks  on  the  sea  beach,  ^nd  at  low  tide  water  may  be  obtained 
with  great  facility.  Good  water  was  procured  nearly  everywhere  in  the  Arctic,  notably  at 
Chamisso  Island  and  Choris  Peninsula,  and  it  was  of  unusual  excellence  at  Cape  Thompson, 
also  at  Herald  and  Wrangel  Islands.  Distilled  water,  supplied  by  the  engineers,  was  occasionally 
used  during  the  cruise,  but  as  it  was  condensed  from  the  main  boiler  without  filtration  it  had 
that  peculiar  nauseating,  oily  flavor  which  rendered  it  unfit  for  potable  purposes. 

The  articles  of  food,  consisting  of  the  regiUar  rations,  to  which  had  been  added  pemmican  and 
the  usual  antiscorbuti<*/8,  such  as  potatoes,  desiccated  onions,  sauerkraut,  and  cranberries,  were  of 
good  qnality  and  kept  remarkably  well,  some  butter  in  barrels  being  as  good  on  our  return  as  on 
the  day  we  left.  Frequent  opportunities  also  occurred  to  get  fish  and  game,  the  ration  being  varied 
from  time  to  time  with  salmon  and  coregonns,  auks,  eider-ducks,  gee»ej  eggs  (of  which  great  quan- 
tities were  found  on  the  Dioroede  Islands),  seal,  bear,  and  reindeer.  These  supplementary  articles 
proved  not  only  an  appetizing  change  from  the  regular  ration,  but  their  use  was  followed  by  a  sense 
of  well-being  and  by  improved  nutrition. 

The  ordinary  clothing  was  supplemented  with  a  hooded  coat  of  reindeer  skin,  seal  skin  trousers, 
and  a  foot  covering  similar  to  that  worn  by  the  Eskimo.  Over  an  ordinary  pair  of  stockings  were 
drawn  a  pair  of  reindeer  socks,  with  the  hair  turned  in,  the  foot  being  next  thrust  into  an  Eskimo 
boot  of  seal  skin,  into  the  bottom  of  which  a  small  quantity  of  stniw  was  platted  as  a  non-conductor, 
and  the  whole  secured  by  thongs  after  the  manner  of  a  sandal.  This  rig  answered  the  purposes 
of  warmth  and  comfort ;  but  the  effect  was  anything  but  picturesque,  as  the  foot  resembled  a 
disabled  extremity  that  some  bungling  hospital  nurse  had  endeavored  to  inclose  in  a  poultice. 

Beyond  the  meteorological  summary  obtained  from  the  signal  station  at  Saint  Michael's,  there 
are  no  extended  weather  observations  to  report  in  regard  to  any  fixed  geographical  point,  for  the 
reason  that  the  ship  seldom  remained  longer  than  a  few  days  at  a  time  in  any  one  place,  and  it  was 
impossible  to  get  any  definite  information  from  the  natives,  whose  knowledge  in  this  respect  does 
not  extend  beyond  noticing  whether  the  snowfall  is  great  or  little  during  the  winter. 

As  reganls  the  weather  during  the  past  season  there  is  a  marked  contrast  when  compared  to 
that  experienced  on  the  Corwin's  former  voyage.  The  sea  was  freer  from  ice,  a  fact  doubtless 
owing  to  the  precetliug  mild  winter  and  other  concurrent  causes,  but  the  number  of  fine  days  was 
comparatively  few,  and  a  series  of  gales  and  snow  storms  continued  throughout  the  summer.  Even 
as  late  as  July  18  the  (leeks  were  covered  with  snow  and  hail,  and  a  bitter  cold  wind  penetrated 
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our  winter  clotliiug.  In  striking  opposition  to  this  was  the  nncomfortably  murky  t<eiui>erature  of 
July  21,  when  the  thermometer  registered  45°.  While  the  above  is  true  of  the  weather  in  the  more 
northern  part  of  the  Arctic,  we  found  it  in  Kotzebue  Sound,  later  in  the  season,  much  milder  than 
it  was  at  a  corresponding  dat.e  of  the  previous  year.  In  the  latter  ])art  of  June  at  Saint  Michael's 
we  found  the  sun  almost  overpowering,  although  the  thermometer  registered  but  60°.  Why  this 
incongruity  should  exist  between  the  sensation  of  heat  as  experienced  by  the  human  body  and  the 
actual  temperature  as  revealed  by  the  thermometer,  we  are  not  prepared  to  say.  All  that  we  know 
from  writers  on  the  subject  is  that  the  sensations  of  heat  and  cold  are  relative  and  not  absolute. 
In  different  latitudes,  among  the  Andes  in  Peru,  for  instance,  the  opposite  condition  is  often 
noticed,  a  disagreeable  sensation  of  cold  not  indicated  by  the  thermometer  being  one  of  the 
experiences  of  travelers  in  that  part  of  the  world:  the  cold  is  keen  and  penetrating  with  the 
thermometer  standing  at  but  &P.  An  excellent  distinction  is  that  which  mentions  these 
pjienomena  as  physical  cold  and  physiological  cold;  the  former  indicating  that  revealed  by  the 
thermometer,  the  latter  that  not  indicated  by  instruments. 

Many  Arctic  travellers  have  noticed  this  relative  sensation  of  cold  as  well  as  the  impunity,  and 
even  a  certain  degree  of  comfort,  with  which  they  can  expose  themselves  to  a  low  temperature, 
which  would  be  attended  by  serious  results  in  a  more  southern  clime.  Dr.  Hayes  relates  that  in 
Greenland  he  went  swimming  in  a  pool  of  water  on  the  top  of  an  iceberg,  and  the  captain  of  a  New 
Bedford  whaler  has  frequently  gone  swimming  off  the  coast  of  Siberia.  Taking  advantage  of 
one  of  these  physiologically  warm  days,  I  took  a  plunge  into  the  icy  Arctic  water,  with  no  such 
motive,  however,  as  that  of  Leander,  nor  did  I,  like  Byron,  have  the  ague  after  it ;  on  the  contrary, 
a  swim  of  no  groat  discomfort  was  followed  by  a  pleasurable  reaction. 

The  actual  rise  of  temperature  that  follows  upon  stripping  in  a  cold  atmosphere  or  upon  first 
entering  into  a  cold  bath,  is  not  one  of  the  least  curious  phenomena  of  the  regulative  function  of  the 
pyrogenetic  mechanism.  Nor  is  the  busy  activity  of  the  metabolic  tissues  and  the  metabolism  of 
the  food  within  the  alimentary  canal,  which  accounts  for  the  source  of  the  heat  of  such  bomother- 
mous  animals  as  whales,  seals,  walrus,  and  the  pygopodous  birds,  a  subject  to  be  passed  by 
unmentioned.  By  what  physical  and  chemical  laws  can  we  explain  this  morphological  process — 
this  physiological  action  of  the  protoplasm  resulting  in  the  evolution  of  kinetic  energy  sufficient  to 
supply  bodily  heat  to  such  animals  as  the  seal  and  the  whale,  and  enable  them  by  remarkable 
adaptability  to  withstand  the  extreme  cold  of  the  Arctic?  Does  the  rete  mirihilia  of  the  whale  and 
of  the  duck  enable  them  to  combine  a  greater  quantity  of  oxygen  with  hiemoglobiu  and  thereby 
act  as  a  source  of  heat,  or  is  the  function  of  the  liver  the  chief  thermogenic  source  ?  By  what 
means  does  the  energy-yielding  material  become  changed  into  actual  energy'  I  Does  the  nervous 
system,  acting  as  a  libera'ting  force  like  the  throttle- valve  in  a  steam-engine,  remove  hinderauces 
or  impediments  to  the  conversion  of  potential  into  kinetic  energy,  or  do  all  the  internal  work  of 
the  animal  organism,  all  the  mechanical  labor  of  the  internal  muscular  mechanism,  with  their 
iiccompanyiug  frictions,  and  the  molecular  labor  of  the  nervous  and  other  tissues  produce  a 
certain  amount  of  heat,  and  thus  account  for  the  special  function  of  calorification  ? 

The  foregoing  physiological  queries,  with  many  others,  suggested  themselves  on  hearing  the 
statements  of  whalemen  and  walrus  hunters  with  reference  to  the  scalding  sensation  pnnluced 
by  the  spurting  blood  while  handling  the  bodies  of  recently  killed  animals,  and  it  occuri-ed  to 
me  that  a  series  of  thermometric  observations,  something  after  the  manner  of  the  experiments 
of  Dr.  Kidder  in  connection  with  the  Fish  Commission,  but  having  for  their  object  the  investigation 
of  the  manifestation  of  animal  heat  by  the  marine  mammalia,  would  prove  interesting  and  supply  a 
scientific  desideratum  in  addition  to  their  novelty. 

While  ample  opportunities  occurred  to  make  these  experiments,  yet  it  is  to  be  regretted  that  the 
only  available  instrument,  a  clinical  thermometer,  was  unfortunately  broken  early  in  the  season. 
The  experiments  were,  to  say  the  least,  so  rough  and  inconclusive  that  any  record  of  them  would 
be  of  questionable  value. 

Another  question  in  connection  with  the  Arctic  cold  is,  whether  a  sojourn  in  this  region  does  not 
render  one  more  susceptible  to  colds  and  disorders  of  the  respiratory  organs  on  returning  to  mon» 
temperate  latitudes.  The  history  of  Eskimo  who  have  spent  any  time  in  our  comparatively  moder- 
ate climate  shows  how  they  have  suffered  in  this  respect,  and  colds  have  l>een  known  to  pi*evail 
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eiideuiically  ainoug  the  healthy  erews  of  vessels  lately  arrived  from  the  Arctic.  It  is  related  of  a 
ship  of  the  Franklin  Search  Expedition,  the  North  Star,  which  was  frozen  up  during  one  of  the 
severest  Arctic  winters  on  record,  in  Wostenholni  Sound,  that  the  men  maintained  their  health 
perfectly  during  all  the  trials  to  which  they  were  ex]>osed ;  but  on  their  return  to  England  in  the 
early  summer,  every  man  within  a  week  was  on  the  sick  list  with  some  form  of  bronchial  or 
pulmonary  disorder.  The  reporter  assigns  the  shaving  off  the  beard  as  the  cause  of  this  illness. 
On  board  the  Corwin  on  her  return  to  San  Francisco  in  October,  and  at  a  time,  too,  when  "  the 
glorious  climate  of  California"  appeared  at  its  best,  no  such  cause  existed,  yet  colds  of  the  most 
violent  kind  prevailed  generally  among  a  previously  healthy  crew. 

Before  dropping  the  question,  it  may  be  a^sked  whether  the  psychical  effects  of  climate  were  not 
apparent  in  some  of  the  subjective  sensations  as  experience  by  myself  and  others.  Something 
more  than  auditory  spectra  must  account  for  some  of  them.  > 

For  instance,  when  climbing  a  steep  cliif,  with  no  sound  to  interrupt  except  the  scream  of  wild 
sea-birds,  or  ascending  a  mountain  side  amid  scenery  the  most  desolate  that  can  well  be  conceived, 
and  in  a  stillness  so  great  that  the  arterial  pulsations  are  audible,  how  is  it  that  certain  trains  of 
the  most  incongruous  and  absurd  thoughts  usurp  a  prominence  in  the  mind  f  On  such  an  occasion, 
wh3"  should  the  strains  from  wedding-marches  be  continually  running  through  one's  head!  What 
giv^es  birth  to  the  floating  sucxjession  of  ideas  regarding  the  delights  of  prospective  dinners?  And 
why  does  the  presence  of  the  midnight  sun  cause  one  to  forget,  like  Horace  Gi^eelej",  whether  one 
has  dine<l  or  not?  While  navigating  through  ice  and  fog,  often  within  sight  of  a  coast  that  is 
treeless  and  swardless,  why  should  one  dream  of  the  laughing  aspect  of  tropical  vegetation,  and 
of  swinging  in  a  hammock  in  a  garden  through  which  the  summer  wind  bears  the  fragrance  of 
Howers  ?  And  why  should  a  diet  of  pork  and  beans  cause  a  man  during  a  series  of  nights  to  dream 
of  sumptuous  dinners,  and  at  other  times  in  his  dreams  to  take  part  in  a  Barmicidal  feast  ? 

Among  various  meteorological  phenomena  witnessed  during  the  cruise  were  parhelias  and  tog 
l)ows,  which  were  of  common  occurrence  off  Wrangel  Island ;  and  toward  the  latter  part  of  our 
stay  in  the  Arctic,  when  the  sun  was  no  longer  in  the  summer  solstice,  northern  lights  of  varying 
intensity  appeared,  a  peculiarity  about  one  of  them  being  a  white  arc  extending  across  the  heavens 
and  accompanied  by  curta-in-like  fringes  of  light. 

Not  the  least  curious  of  the  atmospheric  phenomena  are  the  modifications  of  nervous  excitabilit>^ 
in  connection  with  the  perception  of  light — the  wonderful  optical  illusions  witnessed  from  time  to 
time  during  periods  of  extraordinary  and  unequal  refraction.  One  day  in  July,  at  Saint  Michael's^ 
1  saw  on  looking  northward  an  island  high  up  in  the  air  and  inverted ;  some  distant  peaks,  inWsible 
on  ordinary  occasions,  loomed  up  at  one  time  the  very  shape  of  ji  tower-topped  building  magnified, 
and  suddenly  changing  assumed  the  shape  of  immense  factory  chimneys.  Again,  off  Port  Clarence, 
was  witnessed  the  optical  phenomenon  of  dancing  mountains  and  the  mirage  of  ice  fifty  miles 
away,  which  caused  our  experienced  ice  pilot  to  say,  "  No  use  to  go  in  here ;  don't  you  see  the  ice  ?"  . 
Again,  the  mountains  of  Bering  Straits  have  so  betrayed  the  imagination  that  they  have  been  seen 
to  assume  the  most  fantastical  and  grotesque  shapes,  at  one  moment  that  of  a  mountain  not  unlike 
Table  Mountain,  off  the  Cape  of  Good  Hope ;  then  the  changing  diorama  shows  the  shape  of  an 
immense  anvil,  followed  by  the  likeness  of  an  enormous  gun  mounted  en  barbette^  the  whole  stand- 
ing out  in  silhouette  against  the  background^  while  looking  in  an  opposite  direction  at  another  time 
a  whaling  vessel  turned  bottom  upward  appeared  in  the  sky.  On  another  occasion,  in  latitude  70o, 
when  the  state  of  the  air  wa«  favorable  to  extraordinary  refraction,  a  white  gull  swimming  on  the 
water  in  the  distant  horizon  was  taken  for  an  iceberg,  or  more  correctly  a  floeberg,  other  gulls  in 
the  distance,  looming  up,  looked  for  all  the  world  like  white  tents  on  a  beach,  while  others  resem- 
bled men  with  whit«  shirts  paddling  a  canoe.  Again,  two  whaling  ships  that  we  knew  to  be  sixty 
miles  away,  appeared  on  the  distant  sky  a^  elongated  aft<ernoon  shadows  ;  minut^^  stones  and  other 
Hman  objects  on  a  mountain  side  were  so  distinctly  seen  as  to  cause  almost  a  glamour,  a  kind  of 
witchery,  to  come  over  the  eyesight,  which,  if  there  wei^e  no  evidence  to  the  contrary,  might  have 
l>een  taken  as  one  of  the  hallucinations  that  precede  certain  forms  of  insanity,  where,  for  example, 
the  sense  of  sight  becomes  so  acnte  that  a  person  re.ads  a  newspaper  or  t^lls  the  time  of  day  from 
a  small  watch,  on  the  opposite  side  of  the  street.  Odd2i>henomena  were  occasionally  witnessed 
while  looking  at  the  midnight  sun,  especially  when  he  liegan  to  get  low  in  the  horizon.    His  disk 
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would  sometimes  appear  flattened  like  a  door-knob,  or  to  convey  a  more  sensuous  imsige,  like  a 
huge  crimson  pegtop  with  purple  bauiU.  It  was  easy,  also,  to  distinguish  by  means  of  a  marine 
glass  the  scdar  spots,  the  eye  not  being  overwhelmed  by  the  light  but  readily  aecommodating  itsrif 
to  the  rays  of  the  summer  sun,  which,  owing  to  his  low  declination,  are  nowhere  so  delicate  as  they 
are  in  the  far  north. 

9ome  of  the  strange  acoustics  ex)>erienced  in  this  region  are  not  unworthy  of  mention.  A 
i*emarkable  multiple  echo  was  noticed  between  two  mountains  at  Plover  Bay,  Siberia;  another  noticed 
by  our  sledge  party  in  a  clift'  at  Cape  Onmann,  Siberia,  gives  back  more  than  a  dozen  echoes,  and 
Baron  Wrangel  relates  that  a  pistol  tired  near  some  cliifs  on  the  River  Lena  is  echoed  a  hun- 
dred  times.  The  great  distance  to  which  small  sounds  are  sometimes  transmitted  is  also  worthy  of 
record.  The  first  time  this  acoustic  clearness  of  the  atmosphere  came  under  observation  was  at 
Saint  Michael's,  where  a  con versation  carried  on  at  an  incredible  distance  could  be  distinctly  heard. 
Amid  the  grim  silence  and  desolation  of  heretofore  untrodden  Wrangel  Island,  at  a  time,  too,  when 
the  air  was  acoustically  opaque,  for  that  latitude,  I  distinctly  heard  our  boatswain,  a  small  man, 
with  a  voice  of  no  great  volume,  giving  orders  two  miles  away,  while  laughter  and  sounds  of  the 
voice,  when  any  one  spok^  above  the  ordinary  tone,  were  heard  with  such  amazing  distinctness  as 
to  suggest  telephonic  commuuication.  Where  thQ  conditions  were  so  favorable  to  the  reflection  of 
sonorous  waves, it  was  natural  to  expect  the  occurrence  of  a  rarer  phenomenon,  an  echo  at  sea,  such 
as  I  once  notic/Cd  in  a  fog  off  the  Newfoundland  Banks  while  crossing  the  Atlantic  in  a  French 
steamer,  whose  fog-whistle  was  echoed  in  a  surprising  manner.  But  at  no  time  was  it  observed 
that  the  nephelogical  state  of  the  atmosphere  overhead  or  the  prevalence  of  fog  banks  gave  rise  to 
anything  like  an  aerial  echo. 

Although  as  a  rule  no  very  marked  differences  in  the  deep  sea  and  surface  temperatures  were 
observed,  yet  a  few  of  the  anomalies  noticed  are  deserving  of  mention.  For  instance,  near  Herald 
Island,  on  July  30,  the  temperature  at  the  bottom  was  48^  and  49^.  A  few  days  later  off  the  Siberian 
coast,  100  miles  to  the  southward,  it  measured  37^;  while  later  in  Bering  Sea,  over  600  miles  to  the 
southward,  it  fell  to  35^. 

The  density  of  the  sea  water,  as  observed  by  Mr.  F.  £.  Owen,  assistant  engineer  of  the  Corwin, 
is  shown  in  the  accompanying  table.  The  instruments  used  in  obtaining  the  results  were  a  ther- 
mometer and  a  hydrometer.  Water  was  drawn  at  about  6  feet  below  the  surface  and  heated  to  a 
temperature  of  200^  F.,  and  the  saturation  or  specific  (gravity  is  shown  by  the  depth  to  which  the 
hydrometer  sinks  in  the  water.  As  sea  water  connnonly  contains  one  part  of  saline  matter  to  thirty- 
two  parts  of  water  the  instrument  is  marked  in  thirty-seconds,  as  ^,  ^j  &c.,  and  the  densities  are 
fractional  parts  of  one  thirty -second : 
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At  Saint  Michael's,  Bering  Sea 

Off  Plover  Bay,  Asia 

Arctic  Ocean,  near  Bering  Straits 

Arctic  Ocean,  near  ice  on  Siberian  coast 

Bering  Sea,  off  Saint  Lawrence  Island 

Oolovnine  Bay,  Beriiie  Sea,  July  10  

Bering  Sea,  between  King's  Island  and  Cape  Prince  of  Wales,  July  12. 

Entrance  to  Kotzebue  Sound,  July  13....... , 

Cape  Thompson,  Arctic  Ocean,  July  17 

Icy  Cape,  July  24 „ 

Herald  Island,  in  the  ice,  July  30 

Cape  Wankarem,  Siberia,  August  5 

Wrangel  Island  (surface  in  ice)  August  12 

Wrangel  Island  (below  surface  6  feet)  August  12 


50  I 
34 

S2  i 
32 
34 
42 
44 
47  j 
36  I 
36  , 
31  I 
33 
31  I 
31  I 


The  use  of  the  dredge  resulted  in  finding  the  usual  bathybian  forms  that  have  been  already 
described  in  works  relating  to  Arctic  voyages.  In  latitude  70^,  longitude  17(P — a  spot  known 
among  the  whalers  as  the  "Post-Office" — ^the  dredge  brought  up  some  mud  of  a  temperature  of 
32^,  while  the  water  near  the  surface  meai^ured  34^.  Microscopic  examination  of  the  mud  revealed 
some  shells  of  foraininifera. 

En  passing  Bering  Straits  the  brownish  tint  of  the  water  was  noticed.  It  resembled  that  often 
seen  in  the  water  of  mill-ponds  which  has  been  discolored  by  decaying  leaves.    The  pbosphoiwa- 
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Ann  ved  at  OiiDalaska  and  se(*/nre1y  moored  in  a  land-locked  harbor  surronnded  by  Alp-like  hills, 
which  presented  a  dreary  picture  of  snowy  desolation,  we  found  the  air  uncommonly  chilly  and 
apparently  disagreeable  enough  to  give  a  seal  bronchitis,  although  the  inhabitants  called  it  mild 
weather.  An  epidemic,  from  which  a  large  portion  of  the  native  population  of  the  island  had  died, 
prevailed  in  the  little  village  off  which  we  anchored,  and  the  only  ph^'sician  of  the  place  being  also 
dangerously  ill,  the  sick  were  without  medical  advice  or  attendance.  During  the  few  days  of  our 
stay  every  assistance  in  our  power  was  rendered  the  sufferers,  and  we  hope  that  our  advent  among 
them  was  the  means  of  averting  several  funerals  that  otherwise  would  have  taken  place. 

DISEASES  PECULIAR  TO  THE  ABORIGINAL  POPULATION. 

Clinical  observation  of  the  disease  in  question  showed  marked  dyspnoBa,  broncophony,  imper- 
fect arterialization  of  the  blood,  cough,  with  expectoration,  pain,  insomnia,  and  great  depression 
both  physical  and  psychical;  in  fact  the  latter  symptom  was  the  most  characteristic;  and  it 
seemed  impossible  to  impart  the  least  ray  of  hope  to  a  patient  who  had  made  up  his  mind  to  die 
from  the  offset  of  his  attack.  The  disease  was  very  rapid  in  its  course  and,  considering  the  gravity 
of  these  assembled  phenomena,  there  was  but  little  of  the  fever  that  usually  attends  pneumonitis. 
The  main  symptom  calling  for  relief  seemed  to  be  the  marked  asthenia,  to  combat  which  the 
administration  of  quiula,  stimulants,  and  milk  were  resorted  to  with  beneficial  effects.  I<t  may  be 
mentioned  that  the  administration  of  quinia  to  these  natives  is  attended  with  the  happiest  results. 
The  attending  physician  at  Ounalaska  informs  me  that  most  of  the  ailments  he  has  to  treat  among 
them  being  of  an  adynamic  character  he  invariably  gives  quinia,  the  effect  of  which,  he  says,  is 
almost  magical.  It  is  very  much  to  be  regretted  that  time  and  opportunity  forbade  a  necropsy  in 
one  of  these  cases,  for  among  the  different  and  v^aried  forms  under  which  pneumonitis  presents 
itself,  and  this  type  differing  from  any  I  have  heretofore  seen,  it  is  not  at  all  incredible  that  there 
may  have  been  something  distinctive  about  its  morbid  anatomy. 

What  connection  there  may  have  been  between  the  outbreak  of  the  epidemic  and  the  prevailing 
climatic  and  telluric  intlueuceb  it  is  impossible  to  say ;  but  the  well-known  relations  of  meteoro- 
logical  conditions  to  certain  diseases  would  lead  one  to  infer  that  the  previous  occurrence  of  several 
Ciirthquake  shocks,  or,  what  is  more  probable,  a  relatively  mild  winter,  with  an  unusual  amount  ot* 
precipitation,  may  have  been  the  predisposing  cause  ;  not  to  mention  the  interminable  diet  of  fish 
and  whale  of  the  Aleutian,  his  fondness  for  ^^quass,"  and  his  inability  to  resist  slight  causes  of 
psychical  depression. ' 

So  far  as  it  is  possible  to  ascertain  the  disease  seems  to  have  been  confined  almost  exclusively 
to  the  native  population.  At  Ounalaska  the  only  sufferer  not  a  native  was  from  the  Island  of 
Mauritius.  The  epidemic  also  prevailed  extensively  at  Saint  Paul's,  Unga,  Kodiak,  Cook's  Inlet, 
and  Prince  William  Sound,  a  singular  coincidence  connected  with  the  outbreak  being  it«  appear- 
ance at  these  places  immediately  or  soon  atter  the  arrival  of  the  first  vessel  in  port.  This  circum- 
stance so  impressed  itself  on  the  native  mind  as  to  give  rise  to  a  general  and  strong  belief  in  the 
im[>ortation  of  the  disease. 

It  is  not  at  all  unlikely  that  sickness  of  the  foregoing  character  has  occurred  from  time  to 
time  among  the  Aleutians.  We  have  a  mention  of  at  least  one  outbreak,  where  it  is  stated  that 
during  a  few  days  of  unusually  warm  weather  an  epidemic  of  bilious  pneumonia  made  its  appear- 
ance at  Kodiak,  one  of  the  adjacent  islands,  attacking  about  fifty  of  the  natives.* 

The  same  authority  reports  the  prevalence  of  intermittent  fever  at  Cook's  Inlet  among  a 
white  population  who  lived  on  a  bluff  several  hundred  feet  high  in  houses  exposed  to  a  strong 
breeze  directly  from  the  inlet.  The  reporter  states  that  the  disease  might  have  been  contracted 
elsewhere;  but  happening  after  a  sea  voyage  of  forty  days,  and  in  persons  previously  in  good  health, 
he  attributes  it  to  locality.  In  a  conversation  with  Mr.  Petroff,  whose  topographical  knowledge 
of  this  part  of  Alaska  qualifies  him  to  give  an  intelligent  opinion,  he  informed  me  that  for  many 
miles  around  the  bluff  in  question  the  land  is  low  and  marshy,  but  he  thiuks  it  is  not  malarious, 
and  quotes  the  opinion  of  Dr.  Govorlivo,  a  Russian  surgeon,  who  says  that  in  summer  the  weather 
of  Cook's  Inlet  is  warm  and  clear;  in  winter  the  thermometer  falls  to  40^  below  freezing;  rain 
and  fog  are  rare,  and  the  atmosphere  is  clear,  bracing,  and  healthy.  These  observations,  the 
Doctor  adds,  are  supported  by  Admiral  Tebenkoff. 

*  Pacific  Medical  and  Surgical  Journal,  1870,  vol.  iv,  p.  337. 
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Anotherobserver,  Assistant  Surgeon  Job  u  Brooke,  U.  S.  A.,  in  a  report  to  tbe  War  Office,  1870-'74, 
speaking  of  the  execrable  climate  of  a  part  of  Alaska  in  the  same  latitude,  as  Kmliak,  remarks: 

It  might  naturally  be  supposed  that,  in  sach  a  climate,  acute  rheuinatisin  and  acute  pulmonary  inHauiniatlonH  would 
be  very  oommon;  but  such  is  not  the  case.  During  a  tour  of  nearly  lilteen  months  I  liave  seen  but  one  case  of  typical  acute 
rheumatism,  and  not  a  single  case  of  uncomplicated  pneumonia  or  pleuritis.  Cases  of  sub-acute  rheumatism,  however, 
and  pains  and  aches  of  a  few  days'  duration,  are  very  frequent.  Pulmonary  phthisis  is  not  uncommon,  and  forms  a  large 
percentage  of  the  cases  of  disease  even  among  the  native  Indians. 

Cases  of  sickness  not  infrequently  occur  in  which  there  is  a  geuenil  adyminiic  condition  of  the  system,  without  definable 
disease,  a  condition  which  is  doubtless  due  to  the  depressing  influences  of  almost  continuous  wet,  and  cool,  and  cloudy 
weather;  a  monotonous  diet,  in  which  fresh  fruits  and  vegetables  play  an  insignificant  part;  the  almo«^t  entire  absence  of 
out-door  amusements,  and  the  want  of  opportunities  for  sufficient  exercise  in  the  open  air. 

The  subject  cannot  be  dismissed  without  some  further  historical  mention,  for  which,  by  the  way, 
I  am  largely  indebted  to  Mr.  Petroff*,  who  has  obtained  his  information  from  original  Russian  sources 
not  generally  accessible  to  the  ordinary  reader.  From  1800  to  1820  no  special  diseases  existed  in 
the  Russian  colonies  exclusive  of  scurvy  and  syphilis.  At  the  end  of  1819  a  fever  accompanied 
by  a  reddish  eruption  broke  out,  from  which  forty-two  deaths  occurred  at  Kodiak  and  twenty -live 
at  Sitka.  No  physicians  were  in  the  colonies  at  that  time,  except  those  accompanying  the  ships  of 
the  company  from  St.  Petersburg.  It  seems  that  subsequently  two  hospitals  were  established  in 
1844,  one  at  Sitka  of  forty  beds,  and  one  at  Kodiak  of  ten  beds ;  and  in  1862  the  company  had  in 
its  service  three  physicians,  eleven  stewards,  five  surgeons  and  apothecaries'  assistants,  two  mid- 
wives  and  two  assistants.  From  1840  to  1860  a  most  fatal  epidemic  in  the  form  of  an  exanthematous 
fever  i)revailed  at  Ounalaska.  The  same  disease  in  1848  prevailed  at  Uniga,  Sitka,  and  the  Alaska 
Peninsula,  three  hundred  natives  having  died  therefrom.  The  reporter  further  says  that  the  great 
mortality  was  owing  to  loss  of  courage  and  refusal  to  take  medicine.  Tikhmenief,  in  his  historical 
review  of  the  Bussian  colonies,  says  that  the  prevailing  diseases  among  the  native  population 
of  Alaska  are  consumption,  ulcers,  scurvy,  and  syphilis,  they  beii^  indebted  to  th^  Russians  for 
the  importation  of  the  latter.  He  also  mentions  the  occurrence  of  epidemic  pneumonia  in  1852 
at  Sitka,  Kodiak,  and  the  missionary  establishment  at  Bristol  Bay.  At  the  first-mentioned  place 
the  disease  occurred  principally  among  children.  In  1853  there  were  sixty-four  cases  of  scurvy  at 
Sitka,  of  which  nine  died ;  and  in  1855  an  epidemic  typhoid  fever  like  yellow  fever  occurred.  It 
was  believed  to  have  been  imported  by  a  ship  which  had  come  around  the  globe  from  Russia.  The 
mortality,  however,  does  not  appear  to  have  been  excessive,  for  out  of  three  hundred  and  forty-one 
cases  there  were  but  thirteen  deaths.  The  same  year  there  was  also  an  epidemic  of  pneumonia,  three 
hundred  and  ninety -eight  cases  having  occurred  at  Sitka  and  Kodiak  with  sixty  deaths.  In  1860 
epidemic  measles  attacked  both  adults  and  children,  causing  eighty -one  deaths  in  the  whole  colonies. 

From  a  report  of  the  Russian  American  Company  on  the  sanitary  condition  of  New  Arch- 
angel and  other  posts  from  May  1,  1861,  to  May  1, 1862,  it  is  learned  that  for  1861  and  the  first 
third  of  1862  and  those  of  previous  years  there  existed  both  in  the  number  and  character  of  the 
cases  a  marked  difference  that  was  very  gratifying.  The  mean  daily  number  of  patients  in  the  New 
Archangel  Hospital  was  ten  persons,  besides  the  fact  is  worthy  of  attention  that  scorbutic  and 
syphilitic  diseases  had  almost  entirely  disappeared.  In  Apnl,  1862,  there  was  not  a  single  case  of 
the  latter  disease.  Dr.  Markoffski  ascribes  this  circumstance  to  many  judicious  measures  taken  for 
the  extirpation  of  these  diseases  by  the  chief  director  of  the  colony,  as  well  as  to  the  greatly 
improved  treatment  of  such  patients.  The  number  of  patients  admitted  to  the  New  Archangel 
Hospital  was  663,  of  whom  626  recovered  and  8  died.  In  the  Kodiak  Hospital  there  were  360  admis- 
sions, with  330  recoveries  and  7  deaths.  At  Afognak  typhus  fever  appeared  but  was  promptly 
suppressed.  Inoculation  (f )  is  reported  to  have  been  carried  out  generally  and  successfully  in  the 
colonies.  A  medical  and  sanitary  inspection  of  the  northern  districts  in  1861  showed  the  accom- 
modations of  the  unmarried  workmen  of  the  coal  ex])edition  to  be  in  excellent  condition ;  the  hearty 
and  healthy  appearance  of  the  men  showing  that  they  had  been  well  cared  for,  notwithstanding 
the  difficult  under- ground  character  of  their  work ;  and  the  surgery  is  reported  to  have  been  in  good 
condition.  Dr.  Markoffski  also  makes  a  favorable  report  for  Michalowski  (Saint  Michael's)  and 
speiBkks  of  the  new  Kasharn  as  light,  spacious,  and  very  comfortable ;  and  of  the  lazarette  and 
surgery  as  well  provided  and  in  good  order. 
H.  Ex.  105 3 
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No  epidemics  are  mentioned,  except  one  of  gastric  fever,  the  result  of  immoderate  eating, 
which  prevailed  on  Saint  George's  Island.  It  yielded  to  treatment.  The  houses  of  this  island  are 
reported  to  be  in  a  satisfactory  condition,  sanitary  conditions  being  observed  as  far  as  possible,  also 
order  and  cleanliness;  and  the  Kashim  (or  club-house)  comes  in  for  favorable  mention. 

On  the  Island  of  Saint  Paul  the  regulations  established  for  cleanliness  are  reported  to  have 
been  generally  obeyed.  Inoculation  (t)  was  genei*ally  carried  out,  and  almost  all  the  children  were 
vaccinated  except  at  Ikogmut  Mission,  where  the  natives  refused  to  adopt  this  method  of  protec- 
tion ;  but  it  is  stated  that  this  obstinacy  may  be  overcome  by  time  or  accidental  circumstances 
such  as  the  prevalence  of  an  epidemic. 

A  disease  called  the  ^^  black  measles''  appeared  at  Eodiak  and  the  adjoining  islands  in  1875, 
from  which  the  Alaska  Herald  of  August  3, 1875,  reports  the  following  deaths  to  July  of  that  year : 

JCodiak 40 

Wood  Island.- .- _ _ 50 

Afognak- .._ 20 

Yelona 10 

Eagle  Harbor..- _-. 10 

Total - 130 

The  natives  of  the  Pribylof  Islands,  being  better  housed  than  those  on  the  Aleutifin  Islands, 
appear  of  late  to  have  fared  better  as  regards  health  than  their  more  southern  neighbors.  The 
wonder  is,  though,  after  visiting  these  islands,  that  so  little  sickness  exists  among  a  population 
most  of  whom  live  but  a  few  hundred  yards  away  from  the  carcasses  of  thousands  of  seals  in  all 
stages  of  decomposition.  On  the  island  of  Saint  Paul,  for  instance,  where  the  climate  is  as  humid 
and  disagreeable  as  possible,  the  carcasses  of  the  80,000  seals  that  are  slaughtered  yearly  are  left 
to  decay  in  the  open  air  in  the  immediate  vicinity  of  the  village,  and  the  stench  therefrom  is  any- 
thing but  pleasant.  One  night  the  Oorwin  anchored  under  the  lee  of  the  island,  about  a  mile  off 
shore,  and  the  stench  was  so  great  as  to  preclude  sleep  during  the  night. 

A  stroll  -ashore  on  Saint^aul  afforded  a  fine  opportunity  to  study  comparative  anatomy, 
especially  of  the  marine  mammalia;  for  in  addition  to  the  millions  of  live  seals  to  be  seen  hauled 
up  on  the  rookeries,  we  walked  through  the  green,  slimy  ooze,  the  remains  of  thousands  of  seals 
slain  years  ago,  occasionally  sinking  over  our  ankles  in  a  substance  resembling  adipocere;  picked 
our  way  through  the  scattered  anatomy  of  last  year's  seal  and  walrus;  witnessed  the  remains  of 
the  1,500  seals  killed  but  yesterday  and  of  the  1,200  killed  the  day  before. 

From  information  furnished  by  Special  Agent  Otis,  it  is  learned  that  the  prevailing  diseases 
are  of  a  pulmonary  and  cutaneous  character,  but  the  mortality  returns  of  a  late  year  show  three 
deaths  each  from  scrofula  and  cerebro  spinal  meningitis.  Since  1869,  out  of  a  population  of  about 
300,  the  increase  has  been  but  slight,  the  births  and  deaths  having  about  balanced  each  other.  The 
mortality  per  thousand  being  nearly  three  times  greater  than  that  among  more  civilized  communi- 
ties under  more  favorable  conditions,  and  the  Aleutian  women,  as  a  rule,  being  unprolific,  it  is 
hardly  reasonable  to  look  for  an^^  decided  increase  in  the  population  except  under  changed  and 
more  favorable  conditions. 

Mr.  George  Kennan,  the  genial  author  of  ''Tent  Life  in  Siberia,"  has  kindly  furnished  a  tmns- 
lation  of  the  chapter  from  Veniamenoff's  History  of  the  Aleutian  Islands,  relative  to  "Diseases  and 
their  Treatment,"  from  which  the  following  notes  are  taken : 

'<  It  appears  that  in  the  early  days  of  the  Bussiau  occupation  the  Aleutians  had  some  crude 
notions  of  human  anatomy,  which  they  acquired  from  the  dissection  of  the  dead  bodies  of  their 
slaves,  and  they  also  had  considerable  knowledge  of  medicine  and  surgery  the  practice  of  which, 
being  prohibited  and  suppressed  by  the  Russians,  is  now  entirely  lost.  Among  the  diseases  most 
common  to  them  were  a  skin  disease  known  as  'seep;'  itch,  boils,  diarrhoea,  and  fever — the  latter 
called 'common' because  no  one  escaped  it — and  consumption  of  two  kinds  generally  considered 
incurable.  The  first  variety  was  simply  a  decay  of  the  lungs  attended  by  such  symptoms  as 
cough,  spitting  of  blood,  and  shortness  of  breath ;  the  second,  proceeding  from  decay  of  the  liver, 
was  accompanied  by  griping  of  the  intestines  and  rapid  emaciation. 

"  They  were  also  acquainted  with  another  disease  which  they  called  the  '  inward  disease.' 
Scurvy  and  venereal  disease  were  formerly  unknown  to  them. 
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Gray,  that  there  is  no  advantage  in  health  in  abstainers  on  board  whalers,  while  Dr.  A.  Envall,  who 
accompanied  Nordenskiold,  condemns  excess,  but  says  he  believes  spirituous  liquors  to  be  of  great 
use  in  small  and  moderate  quantities.  Further  mention  may  be  made  to  Professor  Nordenskiold 
and  Lieutenant  Palander,  who  in  1873  undertook  a  sledging  journey  from  their  winter  quarters  in 
Spitzbergen,  in  latitude  79^  53'  north,  and  were  away  sixty-six  days.  During  the  whole  journey, 
there  was  no  scurvy,  though  the  party  had  no  lime  juice.  The  diet  consisted  of  pemmican,  biscuit, 
salt  pork,  butter,  coffee  in  abundance,  and  a  little  spirits  daily.  All  returned  in  excellent  health. 
Comparison  may  be  made  between  the  Alert,  of  the  Nares  Expedition,  aboard  which  scurvy 
prevailed  notwithstanding  the  careful  daily  administration  of  lime  juice,  and  H.  M.  S.  Assistance, 
in  1850~'51.  In  the  Assistance  there  waif  beer  brewed  on  board,  while  the  Alert  had  no  such  advan- 
tage. No  scurvy  prevailed  on  board  the  former  ship.  Captain  Markham,  speaking  of  the  preven- 
tion of  scurvy  in  any  future  expedition  wintering  in  high  latitudes,  says  that  the  dietetic  causes 
may  be  reduced  to  a  minimum  by  varying  the  diet  with  condensed  milk,  butter,  eggs,  beer,  and 
wine.  He  also  observes  in  regard  to  the  adequacy  and  completeness  of  outfit  that  former  expedi- 
tions had  the  means  of  brewing  beer  on  board,  while  the  Nares  Expedition  had  no  such  advantage. 

Markham  moreover  says  that  Captain  Hall,  of  the  Polaris,  who  died  of  apoplexy,  was  a 
teetotaler  and  was  much  annoyed  at  seeing  others  drink. 

Whatever  conclusions  may  be  deduced  from  the  foregoing,  it  is  evident  that  there  is  an  abso- 
lute consensus  of  opinion  both  among  executive  and  medical  officers  of  late  Arctic  Expeditions  in 
regard  to  the  judicious  use  of  alcoholic  beverages.  It  only  remains  to  add  that  personal  experi- 
ence and  observalion  convince  that  there  is  an  indescribable  something  in  the  Arctic  atmosphere 
that  produces  what  is  called  the  northern  craving  for  drink,  even  among  persons  who  care  nothing 
for  it  in  temperate  latitudes.  Being  of  abstemious  habits,  I  would  not  for  the  world  say  anything 
to  favor  intemperance,  but  facts  warrant  in  testifying  to  the  undeniable  good  effects  of  whiskey 
when  serv^ed  out  to  the  crew  after  unusual  fatigue  and  exposure;  and  I  know  of  no  place,  circum- 
stance, or  condition  under  which  such  beverages  as  beer  and  claret  are  more  palatable  or  more 
valuable  from  a  hygienic  point  of  view  than  when  taken  at  meals  during  an  Arctic  voyage. 

Illicit  traders,  taking  advantage  of  this  northern  craving  for  drink,  have  of  late  years  been  in 
the  habit  of  supplying  the  most  villainous  compounds,  in  exchange  for  small  quantities  of  which 
the  improvident  Eskimo  gives  his  choicest  furs.  Some  captured  specimens  of  these  prohibited 
articles,  bearing  the  respective  labels  oiBay  Eum^  Jamaica  Ginger^  Pain  Killer ,  and  Florida  Water^ 
with  a  view  to  defrauding  the  revenue,  proved  on  examination  to  be  nothing  but  cheap  alcohol  of  a 
highly  iniianunablc  nature  to  which  a  little  coloring  matter  had  been  added.  Loath  as  I  am 
to  give  the  least  encouragement  to  intemperance,  being  rather  an  advocate  of  temperance,  I 
cannot  help  thinking  that  it  would  be  a  step  in  the  right  direction,  and  one  productive  of 
good,  if  instead  of  the  present  prohibitory  measures  the  fur  companies  were  allowed  to  sell  small 
quantities  of  beer  and  claret.  In  addition  to  their  value  as  antiscorbutics,  their  use  would  be 
eminently  better  for  the  natives  from  a  moral  point  of  view  than  the  present  use  of  "  quass,'^  a  vile 
native  decoction  made  from  sugar  Jind  flour,  both  of  which  articles  the  traders  have  a  right  to 
dispose  of  in  unlimited  quantities. 

To  the  alleged  introduction  of  spirituous  liquors  is  said  to  be  due  the  famine  and  excessive 
mortality  among  the  natives  of  Saint  Lawrence  Island,  one  thousand  of  whom  it  is  estimated  have 
died  in  the  last  three  years.  Several  visits  to  this  island  revealed  the  fact  that  it  is  fast  becoming 
depopulated.  The  first  village  at  which  we  landed  was  entirely  deserted;  at  a  second  not  a  living 
being  was  to  be  seen,  but  in  and  around  the  houses  were  counted  fifty-four  dead  bodies,  all  adults. 
Many  laid  unburied  on  the  adjacent  hills,  while  others  had  died  in  bed,  where  they  still  remained. 
A  third  village,  which  must  have  been  a  very  old  settlement,  judging  from  the  thousands  of  walrus 
skulls  strewn  in  every  direction  and  from  the  character  of  the  kitchen-middens,  was  also  depopulated. 
It  was  a  Golgotha  in  every  sense  of  the  word.  A  great  many  dead  were  found  here,  laid  promis- 
cuously out  of  doors,  and  in  one  house  we  found  sixteen  bodies.  Among  these  remains  were  those 
of  several  children,  a  fact  which  tended  to  remove  previous  suspicions  of  cannibalism  on  the  part 
of  the  sufferers.  At  these  villages  was  made  a  fine  collection  of  Innuit  crania  and  other  ethnological 
curiosities  for  the  Smithsonian  Institution.  Finally  we  visited  at  the  northwest  extremity  of  the 
island  a  settlement  where  lived  several  hundred  Eskimo.    They  informed  us  that  two  hundred 
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people  ot  the  village  had  died  of  famine,  as  near  as  we  could  make  oat  from  a  very  imperfect  inter- 
pretation,  and  that  food  became  so  scarce  they  were  obliged  to  eat  dried  walras  skins  and  their 
dogs,  having  but  one  dog  left,  when  happily  the  capture  of  a  whale  afforded  timely  relief.  A 
number  of  these  fur  and  feather-clad  aborigines,  having  their  heads  shaved  after  the  manner  of 
Zurbaran's  pictures  of  monks  in  the  middle  ages,  were  clamorous  in  importuning  for  whiskey,  and 
the  chief  of  the  village  refused  to  sell  us  a  few  reindeer  skins  unless  we*gave  him  liquor  in  exchange, 
this  too  while  the  poor  remaining  dog,  looking  wistfully  up  into  his  face,  seemed  to  bo  a  living 
warning  not  to  try  as  a  remedy  the  hair  of  the  dog  that  had  bitten  the  village. 

To  attribute  the  late  cause  of  death  among  these  people  entirely  to  intemperance  admits  of 
some  doubt.  It  seems  impossible  for  them,  owing  to  laek  of  means,  to  have  procured  enough  drink 
to  last  more  than  a  few  days,  or  at  least  during  the  short  stay  of  any  trading  vessel  that  may  have 
arrived.  Then  again  it  is  probable  that  some  epidemic  influence  was  the  main  factor,  if  we  may 
rely  upon  the  statement  of  a  whaling  captain  who  visited  the  island  during  the  time  so  many  were 
dying.  He  tells  me  that  the  disease  was  what  he  calls  "  measles  or  black  tongue."  Admitting  the 
prevalence  of  sickness  of  this  kind  among  an  improvident  and  shiftless  people,  starvation  must 
follow  as  an  inevitable  and  necessary  result.  Similar  conditions  having  prevailed  among  the 
Asiatic  Eskimo  of  Plover  Bay  and  East  Cape,  many  of  whom  have  died  in  the  last  few  years,  it 
would,  perhaps,  be  nearer  the  truth  to  say  that  the  mortality  in  question  was  due  to  the  combined 
influences  of  intemperance,  sickness,  and  starvation. 

EFFECTS  OF  CLIMATE, 


At  Saint  Michael's,  almost  under  the  Arctic  Circle,  I  found  that  pulmonary  troubles  and  the 
constitutional  effects  of  syphilis  prevailed  among  the  small  population  to  an  alarming  extent.  Here 
also,  as  in  most  every  northern  place  we  touched  at,  the  wicked  thirst  for  rum  exercised  a  domi- 
nating influence.  The  winters  are  long  and  cold,  with  high  winds  and  gales  and  a  great  deal  of 
snow;  the  thermometer  falls  to  — 45^,  and  the  winter  previously  to  our  coming  was  so  severe  that 
owing  to  the  great  and  long  continued  cold  Eskimo  dogs  and  wild  geese  are  reported  to  have 
frozen  to  death.  The  accompanying  meteorological  summaries  from  the  records  of  the  Signal  Office 
give  a  more  detailed  account  of  the  weather :  • 


METEOROLOGICAL  SUMMARY. 


July,  1879,  to  end  of 
June,  1880. 


1879. 

July 29.850 

Auffust 29.731 

September I  29.622 

October I  29.748 

November 29.747 

December 30.175 

1880. 

January 30.037 

February 29.884 

March 29.992 

April 29.874 

May I  29.963 

Jane 


Babometkk. 


Kaii|^. 


t 


30.244 
80.186 
30.097 
30.544 
30.498 
30.797 


31.012 
30.6152 
30.682 
30.666 
30.499 


29.124 
29.237 
29.323 
29.290 
29.011 
29.383 


28.^^4 
29.083 
39.125 
29.229 
29.517 


THKBMOMBTEIt. 


Kaiig^e. 


0^ 

o 

c 


1.12(1 
.899 
.7M 
1.254 
1.487 
1.414 


2.078 
1. 509 
L557 
1.436 
.982 


s 

s 

s 


OS 

it 


53.4 
50.2 
45.1 
26.1 
17.4 
6.0 


-19. 

.4 

8.3 

19.3 

28.0 


e 
S 

§   15 


s 


c 

as 


68 
62 
58 
42 
36 
36 


36 

32 

82.6 

35 

27 

88.8 

19 

39 

88.3 

13 

39  ; 

94.7 

—12 

48  ' 

96.5 

-32 

68 

99.7 

15 

9 


-45 

-41 
?      -^ 

?      —27 

?    I  —  1 


60 

? 

? 

? 


100 
99.1 
99.0 
97.8 
97.0 


V 
o 


I 


North. . 
North.. 
North. . 
South.. 
South.. 
North.. 


WlSD. 


MS 

OS'S 


MiUs. 
57 
53 
49 
76 
74 
68 


North.... 
South.... 
South.... 

N.  E 

North.... 


OS 

Z 


7.473 
8.870 
7.878 
12.380 
10,712 
7.917 


Amoust  op  kain  and 

MKLTKD  avow. 


s 


s 
o 

s 

< 


,65 
,83 
,64 
25 
,03 
.07 


64 

4.671 

75 

1L456 

69 

12.598 

49 

7.042 

52 

6.808 

0 


? 

.10(?) 
.21 


flS  c 

•II 

Sfig 

d  o  « 


16 
18 
21 
16 
11 
10 


9 
17 
20 
14 
11 


£ 

« 
o 

s 

55 


0 
0 
0 

1 

4 

3 


3 
0 
0 
0 
0 


GENERAL  REMARKS. 

1879 :  July. — Cold  and  damp;  rain  or  fog  nearly  every  day. 

Auguit.— Cold  and  rainy. 

September.— Winter  commenced  the  last  of  the  month ;  remarkably  early. 

October. — ^Almost  a  continuous  series  of  gales  all  the  month. 

November.-— Series  of  gales  the  last  of  the  monU^. 

December. — Mild  temperatures  and  gales  the  last  half  of  month,  ending  abruptly  in  severeU'  cold  weather. 
Station:  Saint  Miohaers,  Alaska. 
1880:  January.— Remarkably  high  barometer  the  first  of  month ;  long  continued  cold  weather  with  high  winds  the  last. 

February. — A  continuous  series  of  gales  accompanied  by  snow  allthe  month. 

March.— Extraordinarily  large  snow  fall  during  the  month ;  but  the  accompanying  gales,  as  in  February,  prevented  measurement. 

April.— Very  cold ;  unusually  fine  weather  toward  the  last  of  month,  but  low  temperatures  still  prevailed. 

BCay. — Winter  continued  unbroken  until  the  18th  inst..  when  it  became  suddenly  warm,  and  the  water-fowl  began  arriving. 
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In  addition  to  the  frequeut  disorders  of  the  respiratory  organs,  rheumatism  and  affections  of 
the  alimentary  canal  are  quite  common.  The  latter  are  principally  due  to  overloading  the  stomach 
after  a  long  fast,  and  indigestion  from  this  cause  is  so  frequent  that  it  is  no  uncommon  thing  to 
find  an  Eskimo  suffering  for  several  days  from  all  the  remorse  of  a  guilty  stomach.  The  women, 
too,  are  at  times  violently  hysterical,  and  in  this  respect  do  not  differ  much  from  their  more  civilized 
sisters. 

AFFECTIONS  OF  THE  EYE. 

Diseases  of  the  eye  and  its  appendages  are  quite  numerous,  and  among  them  I  noticed 
several  cases  of  opacity  of  the  crystalline  lens  and  of  the  cornea,  and  of  fatty  and  pigmental 
degeneration.  Ophthalmia  tarsi  in  its  chronic  form  and  granular  inflammation  of  the  conjunctiva 
are  common  along  with  amblyopia  and  asthenopia,  and  it  is  not  at  all  unlikely  that  a  specialist 
might  exhaust  the  ophthalmological  vocabulary  in  describing  the  diseases  he  might  observe. 

Among  these  numerous  eye  diseases,  liowever,  I  observed  but  two  cases  of  total  blindness ; 
one  in  a  man  at  Saint  Lawrence  Island  and  another  at  Saint  Michael's  in  a  nativ^e  from  the  interior. 
Mr.  Petroff,  whose  duties  as  census  agent  have  afforded  him  great  facilities  for  observing  the  inte- 
rior population,  informs  me  that  blindness  is  almost  universal  among  the  older  people,  most  of 
whom  get  blind  on  rejiching  the  age  of  fifty.  This  blindness,  common  also  to  the  lower  animals, 
was  once  observed  by  him  in  a  bear  at  Prince  William  Sound.  The  bear  with  several  oth^s 
was  seen  approaching  his  party  on  the  beach,  and  the  singular  actions  of  this  particular  bear 
attracting  attention,  from  the  uncertain  way  in  which  he  walked  and  was  pushed  about  by  the  noses 
of  the  other  bears,  it  was  singled  out  and  shot,  when  an  examination  showed  the  previous  existence 
of  total  blindness,  which  of  course  accounted  for  the  odd  movements  of  the  animal. 

These  eye  affections  are  not  caused  by  smoke  as  has  been  erroneously  supposed :  they  are 
mostly  the  result  of  snow  blindness,  in  which  the  sensibility  of  the  end-organs,  the  rods  and  cones, 
is  diminished  or  exhausted  by  the  prolonged  illumination  from  the  constant  sunlight  and  the  glare 
from  broad  expanses  of  brightly  glistening  snow.  The  rarefaction  of  the  arctic  atmosphere,  the 
insufficient  and  impoverished  condition  of  the  blood  brought  about  by  bad  feeding  and  the  strumous 
diathesis,  may  likewise  be  mentioned  as  predisposing  causes. 

It  may  not  be  digi^essiug  from  the  subject  to  cite  an  observ^ation  of  Mr.  Edwards,  surgeon  to 
Sir  Edward  Parry's  second  expedition,  who  has  noticed  in  the  P^skimo  what  he  believed  to  be  a 
rudimentary  nictitating  membrane  resembling  that  which  protects  the  eyes  of  some  animals.  The 
X)eculiarity  he  points  out  as  common  to  many  individuals  of  Melville  Peninsula,  and  consists  in  the 
inner  corner  of  the  eye  being  covered  by  a  duplication  of  the  a^acent  loose  skin.  This  fold  is  lightly 
stretched  over  the  edges  of  the  eyelids,  covering  the  carunculus  lachrymalis,  which  in  Europeans 
is  exposed,  and  forms,  as  it  were,  a  third  lid  of  crescentric  shape.  This  singularity  was  ascertained 
to  be  very  remarkable  in  childhood,  less  so  toward  the  adult  age,  and  then  frequently  disappear- 
ing altogether,  the  proportion  in  which  it  existe<l  in  grown  up  persons  l>eing  small  compared  with 
that  observed  among  the  young.* 

An  interesting  question  in  this  connection  is  the  form  of  the  fibres  of  the  cones  and  rods  in  the 
retina  of  the  Eskimo.  It  is  known  that  in  animals,  the  habits  of  which  are  nocturnal,  such  as  owls 
and  bats,  the  cones  are  wholly  wanting,  and  rods  alone  are  present ;  so  a  variation  may  have 
occurred  in  the  eye  of  the  Eskimo  in  this  particular  as  one  of  the  results  of  his  conflict  with  his 
circumstances.  But  this  is  mere  speculation,  and  the  incorrect  observation  of  Mr.  Edwards,  when 
viewed  in  the  light  of  more  recent  ophthalmological  knowledge,  would  seem  to  be  nothing  more  nor 
less  than  a  congenital  defect,  owing  to  the  laxity  of  the  skin  at  the  root  of  the  nose  and  of  the  folds 
on  a  level  with  the  inner  canthus  of  the  eye  known  as  epicanthns,  which  often  disappears  with  the 
development  of  the  bones  of  the  nose,  and  is  remediable  by  an  operation  or  the  application  of 
electricity  to  the  muscles  of  the  face. 

Although  applications  from  the  Eskimo  for  *' eye-medicine"  were  quite  frequeut,  yet  I  was 
unable  to  find  out  much  regarding  the  means  taken  by  them  to  treat  or  prevent  eye  diseases.  In 
the  quaint  old  book  of  Hans  Egede,  a  missionary  who  spent  twenty-five  years  among  the  Green- 
landers,  is  an  account  of  an  operation  that  he  has  seen  Eskimo  perform  for  removing  a  film  from 

*  Edinburgh  Philosophical  Jonmal,  vol.  36,  1844. 
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the  eye  with  a  hooked  needle  and  a  knife,  which  from  the  description  appears  to  be  the  same  as  the 
modern  opei'ation  for  pterygium.  No  operative  procedure  of  the  kind  came  under  observation; 
but  it  was  noticed  that  the  use  of  a  shade  for  protection  was  quite  common,  also  eye-blinkers 
made  of  wood  in  which  was  cut  a  slit  after  the  manner  of  the  stenopaic  slit  of  oculists  used  to 
correct  astigmatism. 

From  imperfect  observation  and  tlie  difficulty  experienced  in  communicating  intelligently  with 
the  Eskimo  I  wa^  unable  to  determine  whether  acritochromacy  existed  among  them  to  any  great 
extent.  That  this  functional  trouble  does  exist  we  know  from  Nordenskiold,  who  ascertained  the 
fact  after  actual  experiment.  Many  of  them,  however,  possess  eye-sight  that  is  perfectly  wonder- 
ful, being  endowed  with  the  acuity  of  vision  peculiar  to  nomads  and  hunters  who  si^end  a  great 
deal  of  time  in  the  open  air,  which  enables  them  to  descry  distant  objects  only  dis(ieniible  to  ordi- 
nary eyes  by  means  of  a  spy-glass. 

At  several  places  I  saw  Eskimo  using  spy-ghisses  and  opera-glasses,  with  the  use  of  which 
they  were  perfectly  familiar.  As  far  north  as  Point  Barrow,  the  northwestern  extremity  of  America, 
I  saw  an  old  fellow  with  a  ])air  of  opera-glasses  of  French  manufacture,  which  he  carried  carefully 
protected  in  a  skin  bag  hung  around  his  neck.  Another  pair  wa«  in  possession  of  a  man  at  Cape 
Kruzenstern,  who  showed  how  they  were  useful  to  him  in  stalking  reindeer. 

ARCTIC  MOSQUITOEIS. 

Mosquitoes  were  found  to  be  quite  troublesome  at  Saint  Michael's.  How  strange  that  the  busy 
drone  of  these  little  dipterous  insects,  recalling  the  solicitations  for  a  pour  hoire  in  a  French  caf6, 
should  importune  one's  ears  at  a  spot  so  far  north  beyond  the  domain  of  the  ordinary  "globe  trot- 
ter" and  unknown  to  tourists!  The  little  pests  are  more  widely  distributed  than  thelnnuit  race  or 
the  reindeer,  to  both  of  whom  they  cause  great  annoyance  during  the  short  Arctic  summer.  Frail 
as  they  are  in  body  they  have  reached  as  far  north  as  man  has  penetrated,  having  been  found 
by  the  Nares  Expedition,  and  unlike  other  insects  they  seem  to  have  no  relations  to  the  external 
conditions  by  which  they  are  surrounded,  being  in  fact  cosmopolitan  and  having  no  zoological 
province.  Not  only  are  they  unconfined  to  any  limited  or  definite  area,  their  distribution  in 
time  is  contemporaneous  with  if  not  antecedent  to  man,  sis  their  fossil  remains  have  been  found 
in  the  Tertiary  beds  of  the  Lower  White  River,  Colorado;  and  an  instance  is  even  recorded  of  their 
affording  material  for  Eskimo  wit  at  Lieutenant  Schwatka's  expense,  who  was  facetiously  styled 
by  the9e  i>eople  '*  the  big  mosquito." 

Mr.  Seebohm,  a  naturalist  who  visited  Northern  Siberia  to  study  the  birds,  writes: 

Bat  there  is  one  great  drawback  to  visiting  this  charming  country,  and  that  is  the  reason  why  it  is  so  frequented  by 
birds — the  myriads  of  mosquitoes.  Life  without  a  veil  I  believe  would  be  perfectly  unendurable.  I  was  obliged  to  wear 
thick  leather  gloves,  and  on  many  occasions,  when  shooting,  if  I  was  too  long  in  taking  aim,  I  had  to  shake  the  barrel  to  get 
the  mosfiuitoes  off,  and  then  take  another  aim  quickly  before  they  lighted  again,  otherwise  I  could  not  see  the  bird  at  all. 

Arctic  mosquitoes  as  encountered  by  us  surpassed  anything  I  have  ever  seen  in  New  Jersey, 
for  instance,  where  it  is  said  they  collect  at  times  in  such  clouds  around  village  church  steeples  as 
to  be  mistaken  for  smoke  and  cause  an  alarm  of  fire.  Although  they  were  worse  than  anything  that 
I  ever  experienced  at  such  places  as  Tybee  Island,  Georgia,  the  New  Orleans  quiarantine  station,  or 
on  the  Kio  Grande  River,  they  dift'er  from  the  southern  insect  in  several  respects.  In  the  first  place 
they  are  more  pilose  and  more  plumose,  and  have  not  so  much  nimbleness  and  activity,  in  conse- 
quence of  which  they  are  unable  to  get  out  of  the  way  quickly  and  can  easily  be  killed  almost  by 
the  handful;  but  they  seem  to  be  just  as  venomous  and  persistent  as  their  southern  congeners. 

Owing  to  their  excessive  annoyance,  at  times  it  was  found  to  be  almost  impossible  to  use  the 
instruments  in  taking  observations  when  the  position  of  a  spot  on  shore  was  to  be  determined. 
On  one  occasion  at  a  desolate  spot  on  the  top  of  Chamisso  Island,  about  200  feet  above  the  sea 
level,  we  found  an  astronomical  station,  which  had  been  established  by  parties  from  English  ships 
in  search  of  Sir  John  Franklin,  and  near  it  was  a  notice  telling  something  about  a  bottle  buried 
so  many  feet  to  the  magnetic  north.  Curiosity,  of  course,  prompted  to  get  it  by  all  means,  but  the 
mosquitoes  coming  in  such  myriads  actually  caused  the  search  to  be  abandoned.  Many  of  the  men 
of  the  Corwin's  crew  were  seriously  incommoded  by  their  bites  and  stings  on  exposed  parts  of  the 
body,  one  man's  neck  and  face  being  so  swollen  from  this  cause  that  he  was  temporarily  deprived 
of  eyesight. 
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MEDICAL  AND  SURGICAL  REMARKS, 

No  seriouiii  epidemics  have  occurred  at  Saint  Michael's  since  1840,  when  sinall-pox  was  intro- 
duced by  the  Rassians.  This  is  probably  the  northern  limit  of  that  disease  on  the  Pacific  Ameri- 
can coast.  Of  560  cases  occnring  at  Saint  Michael's  and  Kolmakovsky  200  died,  and  a  famine 
ensued  because  of  the  death  of  so  many  of  the  hunters  and  providers.* 

This  post  having  been  for  a  long  time  in  possession  of  the  Russians  before  the  Alaskan 
purchase,  numerous  half-breeds  ai^e  found  in  the  vicinity,  for  whom  the  so-called  strumous  diath- 
esis seems  to  Imve  the  preference.  That  diseases  of  the  latter  character  have  prevailed  for  some 
time  may  be  assumed  from  examination  of  an  aboriginal  skull  exhumed  from  the  neighboring  grave- 
yard at  Saint  Michael's.  There  is  shown  extensive  necrosis  of  the  bones  composing  the  apex  of  the 
skull,  also  of  the  temporal  and  occipital  bones  and  the  left  half  of  the  inferior  maxilla. 

It  appears  that  variola  prevailed  among  the  Alaskans  previously  to  the  Russian  occupation, 
for  sevend  early  Spanish  navigators  mention  having  noticed  the  marks  of  small-pox  among  the 
natives  of  Sitka  Bay  and  Port  Bucareli  on  Prince  William  Sound.  The  first  mention  is  made  by 
Don  Francisco  Antonio  Maurelle,  who  explored  the  coast  in  1775.  "Journal  of  a  Voyage  in  1775 
to  explore  the  coast  of  America  northward  of  California,"  published  in  English,  Edinburgh, 
1802.  The  other  reference  is  "  Rela<;ion  del  Viaga  Heche  por  los  Gk)letas  dutil  y  Mexicana  en  el 
ano  de  1702,  Madrid,  1801." 

Hagemeister  ( Report  on  Russian  Colonies,  1820)  says  that  the  first  vaccine  matter  was  brought 
to  Alaska  in  1808  by  the  ship  Neva,  and  the  surgeon,  Mardhorst,  who  introduced  vaccination, 
instructed  the  agents  of  the  company  in  performing  the  operation.  From  Tikhmenieflf  we  learn 
that"400  natives  and  1  Russian  died  of  small-pox  at  Sitka  in  1836,  and  the  disease  being  carried  to 
Kodiak  the  following  year,  in  March,  it  caused  the  death  of  737  people. 

On  the  Alaskan  Peninsula  vaccination  seems  to  haveafibrded  protection  from  the  disease,  for 
but  27  deaths  occun^ed  out  of  243  cases.  At  Ounalaska  there  were  180  cases,  of  which  130  died. 
At  Cook's  Inlet,  the  natives  refusing  to  be  vaccinated,  the  mortality  is  reported  to  have  been  greater, 
but  no  figures  are  given.  The  last  cases  occurred  there  in  1840.  The  reappearance  of  small-pox 
was  noticed  at  Sitka  in  1862,  and  it  traveled  northward,  but  vaccination  is  alleged  to  have  lessened 
the  mortality  of  previous  epidemics. 

On  reaching  Saint  Lawrence  Bay,  Siberia,  a  native  was  taken  aboard  at  his  own  request  with 
a  view  to  utilize  his  services,  as  he  spoke  a  little  English.  This  fellow  had  a  fatuous  expression 
of  countenance  and  a  choreic  affection  which  kept  up  an  intermittent  twitching  of  his  head.  After- 
several  days  he  suffered  from  constipation  and  insomnia,  for  which  the  usual  remedies  were  admin- 
istere<l,  with  the  effect  l)est  described  in  the  patient's  own  phraseology  when  questioned  at  morning 
sick  call:  "Lass  night  big  sick;  to  djiy  small  sick;  all  same  bime  by  good."  However,  the  bustle 
and  stir  on  boanl  a  steam-vessel,  with  the  unusual  surroundings,  caused  a  return  of  the  insomnia, 
and  the  fellow's  stat«  of  mind  was  not  improved  by  seeing  our  collection  of  aboriginal  crania  nor 
by  the  chaff  and  gibes  of  the  men  in  the  forec«astle,  who  made  him  believe  that  he  was  to  be  taken 
to  San  Francisco  in  a  box  as  an  anatomical  curiosity,  all  of  which  causes  tended  to  produce  an 
illusion  of  the  imagination  that  exercised  a  despotism  over  his  weak  and  uncultivated  intellect. 
High  authority  asserts  that  all  suicides  originate  either  from  insanity  or  moral  cowardice.  Here 
undoubtedly  is  an  instance  in  which  the  disorder  of  the  relations  between  mental  and  physical 
functions  was  of  such  a  nature  as  to  destroy  the  current  presumptions  founded  on  these  relations 
as  existing  in  health — the  man  stabbed  himself  and  jumped  into  the  sea.  Happily  he  was  fished 
aboard  with  great  iiromptness,  a  boat  being  alongside  at  the  time.  An  inspection  showetl  a  pene-  • 
trating  wound  of  the  che^t  just  under  the  left  nipple,  the  knife  having  entered  several  inches ;  blood 
jvnd  air  escaped  from  the  wound  every  time  the  patient  ooughe<l,  and  the  hand  placed  over  the 
surface  of  the  chest  8howe<l  extensive  effusion  of  blood  into  the  thoracic  cavity  with  the  peculiar 
mucous  bnbbling  or  gurgling  of  traumatopnoea.  With  such  a  formidable  array  of  symptoms  the 
patient  ought  to  have  perisheil  prom])tly  from  asphyxia,  notwithstanding  the  application  of  an 
occlusive  dressing  to  the  wound,  a  tight  roller  bandage  around  the  chest,  and  the  administration 
of  the  usual  stimulant  and  opiate.     After  considerable  delirium,  followed  by  orthopncea,  it  was 
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surprising  to  uotice  the  presence  of  favorable  symptoms  and  ultimate  improvement.  In  a  few  days 
the  patient  was  landed  at  Plover  Bay,  Siberia,  where  he  recovered  sufficiently  to  start  on  foot  for 
his  home  over  a  ragged  mountain  way  150  miles  distant. 

Some  weeks  thereafter  the  Corwin  happening  to  stop  in  at  Plover  Bay,  I  inquired  of  a  native, 
remarkable  for  his  whaleman's  English  and  apothegmatical  way  of  putting  things,  whether  my 
patient  had  got  well,  to  which  he  replied,  *'  Yes;  small  well.''  I  learned  subsequently  from  a  whal- 
ing vessel,  on  board  which  this  man  had  made  a  visit  at  Saint  Lawrence  Bay,  that  he  had  entirely 
recovered  from  his  wound,  but  still  labored  under  the  delusion  that  his  life  had  been  attempted  by 
the  captain  of  the  Corwin. 

One  case  of  hermetical  sealing  of  a  wound  of  the  foregoing  description  does  not  prove  much, 
to  be  sure,  and  it  is  hardly  necessary  to  advocate  a  subject  that  ha«  been  the  occasion  of  much 
discussion;  but  it  does  seem  that  the  occlusive  treatment,  which  has  been  sanctioned  and  prac- 
ticed by  such  masters  as  Guy  de  Chauliac,  John  de  Vigo,  Par^,  Graefe,  of  Berlin,  and  others,  has 
its  virtues,  notwithstanding  a  different  and  unwarrantable  assumption  put  before  the  public  in  a 
late  official  publication. 

Wounds  seem  to  heal  uncommonly  well  in  the  Arctic,  a  fact  doubtless  owing  to  the  highly 
ozonized  condition  of  the  atmosphere  and  the  absence  of  disease  germs  and  organic  diMt.  It  is 
noticeable  both  in  man  and  animals.  At  King's  Island  I  saw  a  whale's  rib  in  which  reunion  had 
taken  place  after  a  fracture  probably  caused  by  a  bomb  lance,  and  I  have  also  seem  a  bear  with 
several  reunited  ribs  which  had  been  fractured  by  a  musket  ball  that  had  previously  passed  through 
the  skull.  A  fossil  rib  of  a  reindeer,  taken  from  the  mammoth  cM'  in  Kotzebue  Sound,  likewise 
showed  reunion  after  a  fracture. 

Several  extraordinary  recoveries  from  scalp  wounds,  more  extensive  in  character  than 
anything  of  the  kind  I  have  ever  seen  in  hospital  or  described  in  surgical  works,  c^me  under  my 
observation.  One  occurred  off  the  Siberian  coast  in  an  old  Eskimo  who  denuded  a  large  portion 
of  the  osfrontis  from  a  fall  on  the  Ice.  Careful  approximation  of  the  edges  of  the  wound  and  the 
application  of  a  retentive  bandage  were  followed  by  rapid  healing  unaccompanied  by  complications. 
But  the  two  most  notable  ones  were  in  Eskimo,  who  in  encounters  with  bears  had  been  pawed  and 
terribly  lacerated  about  the  head  and  face — a  favorite  amusement  of  this  animal  when  he  gets  a 
man  in  his  clutches.  The  first  fellow's  scalp,  neck,  and  face,  in  the  region  of  the  parotid  gland, 
were  extensively  mutilated;  the  second  was  similarly  torn,  with  the  additional  loss  of  his  left  eye, 
and  fra<5ture  of  his  inferior  maxilla.  Both  men,  though  much  deformed,  had  recovered  without 
surgical  assistance,  and  the  wounds  were  well  cicatrized. 

Occasional  gunshot  wounds,  usually  the  result  of  accident,  are  also  met  with  among  the  Eskimo. 
At  Saint  Lawrence  Bay  I  saw  an  old  man  who  had  been  struck  by  a  ball  which  entered  the  left 
side  of  his  face  just  under  the  zygomatic  process,  and,  passing  downwards,  had  emerged  from  the 
neck,  in  the  vicinity  of  the  riglit  carotid  artery. 

Among  other  things  observed  surgically  were  three  cases  of  angular  ankylosis  of  the  knee 
joint,  two  occurring  in  adults  and  one  in  a  boy;  a  case  of  paraplegia,  due  to  traumatic  causes;  a 
case  of  periostitis  of  the  bones  of  the  forearm,  another  of  necrosis  of  the  superior  maxilla;  several 
of  tumors  occurring  on  the  neck,  and  one  case  of  hemorrhoids.  The  latter  affection  and  boils  are 
quite  common,  according  to  Mr.  Nelson,  who  has  spent  some  time  at  Saint  Michael's.  Mr.  Peti-off 
tells  me  that  he  has  seen  among  the  lunuit  population  of  the  interior  extensive  serpiginous  ulcers, 
which  yielded  readily  to  treatment;  and  has  also  noticed  a  great  many  instances  of  disabled 
extremities  from  the  effects  of  frost-bite.  Among  the  more  northern  Eskimo,  however,  it  appears 
that  frost-bites  are  extremely  rare.  I  have  never  seen  an  instance,  and  this  observation  seems  to 
accord  with  the  experience  of  others.  More  rare  still  is  the  occurrence  of  malformation,  deformity, 
or  idiotcy.  Whether  the  Spartan  rule  obtains  relative  to  the  destruction  of  weak  or  deformed 
infants,  I  am  unable  to  say.  However  that  may  be,  I  can  recall  but  a  single  instiince  in  which 
there  was  observed  anything  approaching  to  deformity,  and  that  was  a  girl  with  a  supernumerary 
digit. 

Skin  diseases,  principally  of  the  vesicular  and  squamous  varieties,  were  found  to  prevail 
extensively,  a  fact  not  to  be  wondered  at,  since  they  are  just  the  diseases  the  medical  man  would 
expect  to  see  developed  in  subjects  among  whom  are  recognized  the  conditions  most  favorable  to 
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their  origin.  The  existence  of  the  dartroos,  scrofulous,  /henmatic,  and  even  syphilitic  diseases, 
along  with  personal  uncleaiiliness,  must  necessarily  result  in  such  lesions  of  the  skin  as  eczema, 
psoriasis,  ichthyosis,  pityriasis,  and  tinea  favosa,  all  of  which  I  saw  among  the  Eskimo.  Although 
affections  of  the  scalp  were  quit'C  common,  especially  in  children,  I  noticed  but  one  case  of  baldness, 
which  leads  me  to  doubt  the  statement  of  several  medical  men  to  the  effect  that  wearing  fur  caps 
is  one  of  the  causes  of  loss  of  the  hair.  If  this  were  true  every  Eskimo  pate  ought  to  be  as  bald 
as  the  palm  of  the  hand. 

It  is  also  doubtless  true  that  the  numerous  catarrhs  and  bronchial  £^nd  pulmonary  troubles  are 
only  internal  manifestations  of  the  diatheses  previously  mentioned.  When  the  Gorwin  was  along 
the  Siberian  coast  in  June  and  July  not  a  man  on  board  had  a  cold,  yet  nearly  all  the  natives  we 
met  with  were  suffering  from  coughs  and  colds.  The  same  thing  was  observed  by  our  sledge  party 
who  went  up  the  coast,  and  Lieutenant  Schwatka  informs  me  that  rheumatic  and  pulmonary 
complaints  were  the  principal  ones  noticed  by  him.  Notwithstanding  Mr.  Kennan's  mention  of  a 
reindeer  picket  in  an  atmosphere  of  — 60^,  it  is  indeed  questionable  whether  Eskimo  can  endure 
cold  as  well  as  well-fed  white  men.  Though  clad  in  furs,  I  have  often  seen  them  shivering  from 
cold,  when  our  crew,  with  only  the  ordinary  winter  clothes  of  sailors,  experienced  no  discomfort. 

Among  their  more  common  ailments  are  boils  and  epistaxis,  the  latter  having  been  noticed  by 
former  travelers,  and  Mr.  Nelson  informs  me  that  it  is  quite  common  among  the  fur  traders  of  the 
Upper  Yukon,  who  attribut^e  it  to  a  plethoric  condition  brought  about  by  an  almost  exclusive  diet 
of  animal  food. 

Our  hyperborean  nosology  would  be  incomplete  without  some  mention  of  nervous  diseases, 
which  late  authorities  assume  to  be  one  of  the  sequelae  of  civilization.  They  would,  perhaps, 
come  nearer  the  truth  to  ascribe  them,  as  Dr.  Draper  has  done,  to  the  introduction  and  extension 
of  that  senseless  and  filthy  habit,  the  use  of  tobacco.  Mr.  Petroff  informs  me  that  hysteria, 
epilepsy,  and  paralysis  are  common  diseases  among  the  interior  tribes,  who  also  believe  in  and 
practice  Shamanism.  Instances  of  excessive  nervousness  have  come  under  my  notice,  one  of  a  man 
80  shaky  that  his  infirmity  was  a  source  of  merriment  to  his  companions.  I  treated  one  patient  for 
insomnia  and  another  for  epilepsy.  I  saw  also  two  cases  of  chorea,  one  each  of  paraplegia  and 
of  cerebral  hemorrhage  with  hemiplegic  symptoms  (both  at  Point  Barrow),  one  of  suicidal  mania, 
and  I  know  of  at  least  three  deaths  from  cerebrospinal  meningitis. 

To  what  cause  a  late  authority  would  assign  the  existence  of  these  diseases  I  am  unable  to  say, 
but  enough  has  been  seen  to  convince  that  nervous  diseases  are  not  confined  to  civilized  communi- 
ties, as  inauy  persons*  believe;  and,  indeed,  a  distinguished  medical  author,  who  sees  in  spiritual- 
ism a  form  of  nervous  derangement,  might,  atler  observing  Shamanism  and  its  results,  be  in 
possession  of  enough  neurological  material  for  a  new  chapter  in  his  work  on  that  subject. 

4 

GBNBRAIi  BEMABK8  ON  THE  NORTHERN  INHABITANTS. 

But  it  is  from  an  anthropological  point  of  view  that  the  Eskimo  coming  under  observation 
proved  most  interesting.  The  term  Eskimo  may  be  held  to  include  all  the  Innuit  population  living 
.on  the  Aleutian  Islands,  the  islands  of  Bering  Sea,  and  the  shores  both  of  Asia  and  America 
north  of  about  latitude  04^.  In  this  latitude  on  the  American  coast  the  ethnical  points  that  differ- 
ence the  North  American  Indian  from  the  Eskimo  are  distinctly  marked.  It  cannot,  however, 
be  said  that  the  marks  of  distinction  are  so  plain  between  the  American  Eskimo  and  the 
so-called  Tsuchtschi  of  the  Asiatic  coa^t.  I  have  been  unable  to  see  anything  more  in  the  way 
of  distinction  than  exists  between  Englishmen  and  Danes,  for  instance,  or  between  Norwegians  and 
Swedes.  Indeed,  it  may  be  said  that  much  of  the  confusion  and  absurdity  of  classification  found 
in  ethnographic  literature  may  be  traced  to  a  tendency  to  see  diversities  where  few  or  none  exist. 
To  the  observant  man  of  travel  who  has  given  the  matter  any  attention,  it  seems  that  the  most 
sensible  classification  is  that  of  the  ancient  writers  who  divide  humanity  into  three  races,  namely, 
white,  yellow,  and  black.  Cuvier  adopted  this  division,  and  the  best  contemporary  British 
authority.  Dr.  Latham,  also  makes  three  groups,  although  he  varies  somewhat  in  details  from 
Cuvier.  In  accordance  with  the  nomenclature  of  Latham,  the  Eskimo  may  be  spoken  of  as 
Hyperborean  Mongolidoe  of  essentially  carnivorous  and  ichthyophagous  habits,  who  have  not  yet 
emerged  from  the  hunting  and  fishing  stage. 
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PHYSICAL  APPEARANCES. 

Their  physical  appearance  aud  structure  having  been  already  described  by  others,  it  is  unnec- 
essary to  mention  them  here,  except  incidentally  and  by  way  of  noting  a  few  peculiarities  that  seem 
to  have  been  heretofore  overlooked  or  slightly  touched  upon  by  other  writers.  Although  as  a  rule 
they  are  of  short  build,  averaging  about  five  feet  seven  inches,  yet  occasional  exceptions  were  met 
with  among  the  natives  of  Kotzebue  Sound,  many  of  whom  were  tall  and  of  commanding  appear- 
ance. At  Cape  Kruzenstern  a  man  was  seen  who  measured  six  feet  six  inches  in  height.  This 
divergence  from  the  conventional  Eskimo  type,  as  usually  described  in  the  books,  may  have  been 
caused  by  intermarriage  with  an  inland  tribe  of  larger  men  from  the  interior  of  Alaska,  who  come 
to  the  coast  every  summer  for  purposes  of  trade. 

The  complexion,  rarely  a  true  white,  but  rather  that  of  a  Chinaman,  with  a  healthy  blush  sufius- 
ing  each  cheek,  is  often  of  a  brownish  yellow  and  sometimes  quite  black,  as  I  have  seen  in  several 
instances  at  Tapkan,  Siberia.  Nor  was  the  broad  and  flat  face  and  the  small  nose  without  excep- 
tion. In  the  vicinity  of  East  Cape,  the  easternmost  extremity  of  Asia,  a  few  Eskimo  were  seen 
having  distinctive  Hebrew  noses  and  a  physiognomy  of  such  a  Jewish  type  as  to  excite  the  attention 
and  comment  of  the  sailors  comx>osing  our  crew ;  others  were  noticed  having  a  Milesian  cast  of 
features  and  looked  like  Irishmen,  while  others  resembled  several  old  mulatto  men  I  know  in 
Washington.  However,  the  Mongoloid  type  in  these  people  was  so  pronounced  that  our  Japanese 
boys  on  ipeeting  Eskimo  for  the  first  time  took  them  for  Chinamen;  on  the  other  hand  the  Japs 
were  objects  of  great  and  constant  curiosity  to  the  Eskimo,  who  doubtless  took  them  for  compa- 
triots, a  fact  not  to  be  wondered  at,  since  there  is  such  a  similarity  in  tlie  shape  of  the  eyes,  the 
complexion,  and  hair.  In  regard  to  the  latter  it  may  be  remarked  that  scarcely  anything  on  board 
the  Corwin  excited  greater  wonder  and  merriment  among  the  Eskimo  than  the  presence  of  several 
persons  whom  Professor  Huxley  would  classify  in  his  Xanthocroic  group  because  of  their  fiery  red 
hair. 

The  structure  aud  arrangement  of  the  hair  having  lately  been  proposed  as  a  race  chaiucteristic 
upon  which  to  base  an  ethnical  classification,  I  took  pains  to  collect  various  specimens  of  Innuit 
hair,  which  in  conjunction  with  Dr.  Kidder,  U.  S.  N.,  I  examined  microscopically  and  compared 
with  the  hair  of  fair  and  blue-eyed  persons,  the  hair  of  negroes,  and  as  a  matter  of  curiosity  with 
the  reindeer  hair  and  the  hair-like  appendage  found  on  the  fringy  extremity  of  the  baleen  plates 
in  the  mouth  of  a  "bowhead"  whale.  Some  i>hotomicrograph8  of  these  objects  are  shown  in  the 
accompanying  illustrations. 

To  the  man  willing  and  anxious  to  make  more  extended  research  into  the  matter  of  race  charac- 
teristics, I  venture  to  say  that  a  northern  experience  will  afford  him  ample  opportunity  for  supple- 
menting Mr.  Murray's  paper  on  the  Ethnological  Classification  of  Vermin;  and  he  may  further 
observe  that  the  Eskimo,  whatever  may  be  his  religious  belief  or  predilection,  apparently  observes 
the  prohibitions  of  the  Talmud  in  reganl  both  to  filth  and  getting  rid  of  noxious  entomological 
specimens  that  infest  his  body  and  habitation. 

Whatever  modification  the  bodily  structure  of  the  Eskimo  may  have  undergone  under  the  influ- 
ence of  physical  and  moral  causes,  when  viewed  in  the  light  of  transcendental  anatomy,  we  find  that 
the  mode,  plan,  or  model  upon  which  his  animal  frame  or  organs  are  founded  is  substantially  that 
of  other  varieties  of  men. 

Some  writers  go  so  far,  in  speaking  of  the  Eskimo's  correspondence,  luental  and  physical,  to  his 
surroundings  as  to  mention  the  seal  as  his  correlative,  which,  in  my  opinion,  is  about  as  sensible 
as  speaking  of  the  reciprocal  relations  of  a  Cincinnati  man  and  a  hog.  Unlike  the  seal,  which 
is  pre-eminently  an  amphibian  and  a  swimmer,  the  Eskimo  has  no  physical  capability  of  the  latter 
kind,  being  unable  to  swim  and  having  the  greatest  aversion  to  water  except  for  purposes  of  navi- 
gation. He  wins  our  admiration  from  the  expert  management  at  sea  of  his  little  shuttle-shaped 
canoe,  which  is  a  kind  of  marine  bicycle,  but  I  doubt  very  much  the  somersaults  he  is  reported  to 
be  able  to  turn  in  them.  In  faet,  after  offering  rewards  of  that  all-poweiful  incentive,  tobacco,  on 
numerous  occasions,  I  have  been  unsuccessfiU  in  getting  any  one  of  them  to  attempt  the  feat,  and 
when  told  that  we  had  heard  of  their  doing  it  they  smiled  rather  incredulously.  The  Eskimo  is 
clearly  not  a  success  in  a  cubistic  or  saltatorial  line,  as  I  have  had  ample  opportunities  to  observe. 
They  seem  to  be  unable  to  do  the  simplest  gymnastics,  and  were  filled  with  the  greati^st  delight 
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and  astouishment  at  some  exhibitioDs  we  gave  tbem  on  several  occasions.  Keceiving  a  challenge 
to  run  a  foot-race  with  an  Eskimo,  I  came  off  easy  winner,  although  I  was  handicapped  by  being 
out  of  condition  at  the  time ;  a  challenge  to  throw  stones  also  resulted  in  the  same  kind  of  victory ; 
I  shouldered  and  carried  some  logs  of  drift-wood  that  none  of  them  could  lift,  and  on  another 
occasion  the  captain  and  I  demonstrated  the  physical  superiority  of  the  Anglo-Saxon  by  throwing 
a  walrus  lance  several  lengths  farther  than  any  of  the  Eskimo  who  had  ])rovoked  the  competition. 
As  a  rule  they  are  deficient  in  biceps,  and  have  not  the  well-develo)>ed  muscles  of  athletic  white 
men.  The  best  muscular  development  1  saw  wa^s  among  the  natives  of  Saint  Lawrence  Island, 
who,  by  the  way,  showed  me  a  spot  in  a  village  where  they  practiced  athletic  sports,  one  of  these 
diversions  being  lifting  and  "  putting"  heavy  Stones,  and  I  have  gracefully  to  acknowledge  that 
a  young  Eskimo  got  the  better  of  me  in  a  competition  of  this  kind.  It  is  fair  \io  assume  that  one 
reason  for  this  physical  superiority  was  the  inexorable  law  of  the  survival  of  the  Attest,  the  natives 
in  question  being  the  survivors  of  a  recent  prev^ailing  epidemic  and  famine. 

ESKmO  APPETITES. 

As  far  as  my  experience  goes  the  Eskimo  have  not  the  enormous  appetites  with  which  they 
are  usually  accredited.  The  Eskimo  who  accompanied  Lieutenant  May,  of  the  Nares  Expedition, 
on  his  sledge  journey,  is  rejiorted  to  have  been  a  small  eater,  and  tfce  only  case  of  scurvy,  by 
the  way;  the  Eskimo  employed  on  board  the  Corwin  as  dog  drivers  and  interpreters  were  as 
a  rule  smaller  eaters  than  our  own  men,  and  I  have  observed,  on  numerous  occasions,  among 
the  Eskimo  1  have  visited,  that  instead  of  being  great  gluttons  they  are  on  the  contrary  mod- 
erate eaters.  It  is,  perhaps,  the  revolting  character  of  their  food — rancid  oil,  a  tray  of  hot 
seal  entrails,  a  bowl  of  coagulated  blood,  for  example— that  causes  overestimation  of  the  quantity 
eaten.  Persons  in  whom  nausea  and  disgust  are  awakened  at  tripe,  putrid  game,  and  moldy  and 
maggoty  cheese  affected  by  so-called  epicures,  not  to  mention  the  bad  oysters  which  George  I 
preferred  to  fresh  ones,  would  doubtless  be  prejudiced  and  incorrect  observers  as  to  the  quantity 
of  food  an  Eskimo  might  consume.  From  some  acquaintance  with  the  subject  I,  therefore,  venture 
to  say  that  the  popular  notion  regarding  the  great  appetite  of  the  Eskimo  is  one  of  the  current 
fallacies.  The  reported  cases  were  probably  exceptional  ones  happening  in  subjects  who  had  been 
exercising  and  living  on  little  else  than  ft'ozen  air  for  perhaps  a  week.  Any  vigorous  man  in  the 
prime  of  life  who  has  been  shooting  all  day  in  the  sharp,  crisp  air  of  the  Arctic  will  be  surprised 
at  his  gastronomic  capabilities;  and  personal  knowledge  of  some  almost  incredible  instances 
among  civilized  men  might  be  related,  were  it  not  for  fear  of  being  accused  of  transcending  the 
bounds  of  veracity. 

ORIGIN  AND  DEVELOPMENT. 

There  is  so  much  about  certain  parts  of  Alaska  to  remind  one  of  Scotland,  that  we  wonder  why 
some  of  the  more  southern  Eskimo  have  not  the  intrepidity  and  vigor  of  Scotchmen,  since  they  live 
under  almost  the  same  topographical  conditions  amid  fogs  and  misty  hills.  Perhaps  if  they  were 
ted  on  oatmeal,  and  could  be  made  to  adopt  a  few  of  the  Scotch  manners  and  customs,  religious 
and  otherwise,  they  might,  after  inMnite  ages  of  evolution,  develop  some  of  the  qualities  of  that 
excellent  race.  It  is  probably  not  so  very  many  generations  ago  that  our  British  progenitors  were 
like  these  original  and  primitive  men  as  we  find  them  in  the  vicinity  of  Bering  Straits.  Here  the 
mind  is  taken  back  over  centuries,  and  one  is  enabled  to  study  the  link  of  transition  between  the 
primitive  men  of  the  two  continents  at  tlie  spot  where  their  geographical  relations  lead  us  to 
suspect  it.  Indeeil  the  primitive  man  may  be  seen  just  a«  he  was  thousands  of  years  ago,  by 
visiting  the  village  perched,  like  the  eyry  of  some  wild  bird,  about  2(K)  feet  up  the  side  of  the  cliff  at 
East  Cape  on  the  Asiatic  side  of  the  Straits.  This  bold,  rocky  cliff,  rising  sheer  from  the  sea  to  the 
height  of  2,100  feet,  consists  of  granite  with  lava  here  and  there,  and  the  indications  point  to  the 
overflow  of  a  vast  ice  sheet  from  the  north,  evidences  of  which  are  seen  in  the  trend  of  the  ridges  on 
the  top  and  the  form  of  the  narrow  peninsula  joining  the  cliff  to  the  mainland.  From  the  summit 
of  the  cape  the  Diomedes,  Fairway  Bock,  and  the  American  coast  are  so  easily  seen  that  the 
view  once  taken  would  dispel  any  doubts  as  to  the  possibility  of  the  aboriginal  denizens  of  America 
having  crossed  over  from  Asia,  and  it  would  require  no  such  statement  to  corroborate  the  opinion 
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a8  that  of  an  officer  of  the  Hudson  Bay  Oompany,  then  resident  in  Uu^ava  Bay,  who  relates  that 
in  1839  an  E^imo  family  crossed  to  Labrador  from  the  northern  shore  of  Qadson's  Straits  on  a 
raft  of  drift-wood.  Natives  cross  and  recross  Bering  Straits  to-day  on  the  ice  and  in  primitive 
skin  canoes,  not  unlike  Gape  Ood  dories,  which  have  not  been  improved  in  construction  since  the 
days  of  prehistoric  man.  Indeed  the  primitive  man  may  be  seen  at  East  Gape  almost  as  he  was 
thousands  of  years  ago.  Evolution  and  development,  with  the  exception  of  Are  arms,  seem  to 
have  halted  at  East  Gape.  The  place  with  its  cave-like  dwellings  and  skin-clad  inhabitants,  among 
whom  the  presence  of  white  men  creates  the  same  excitement  as  the  advent  of  a  circus  among  the 
colored  population  of  Washington,  makes  one  fancy  th  it  he  is  in  some  grand  prehistoric  museum 
and  that  he  has  gone  backward  in  time  severail  thousand  years  in  order  to  get  there. 

While  we  may  do  something  towards  tr^iciiig  the  effects  of  physical  agents  on  the  Eskimo 
back  into  the  darkness  that  antedates  history,  yet  his  geographical  origin  and  his  antiquity  are 
things  concerning  which  we  know  but  little.  Being  subjects  of  first-class  interest  deserving  of 
grave  study  and  so  vast  in  themselves,  they  cannot  be  touched  upon  here  except  incidentally. 
Attempting  to  study  them  is  like  following  the  labyrinthal  ice  mazes  of  the  Arctic  in  quest  of 
the  North  Pole,  and  only  ends  in  a  wild-goose  chase. 

We  may,  however,  venture  the  assertion  that  the  Eskimo  is  of  autocthonic  origin  in  Asia,  but 
is  not  autocthonous  in  America.  His  arrival  there  and  subsequent  migrations  are  beyond  the 
reach  of  history  or  tradition.  Others,  though,  contend  fvoai  the  analogy  of  some  of  the  western 
tribes  of  Brazil,  who  are  identical  in  feature  to  the  Ghinese,  that  the  Eskimo  may  have  come  from 
South  America ;  and  the  fashion  of  wearing  labrets,  which  is  common  to  the  indigenous  population 
both  of  Chili  and  Alaska,  has  been  cited  as  a  further  proof. 

Touching  the  subject  of  early  migrations  Mr.  Charles  Wolcott  Brooks,  whose  sources  of  informa- 
tion have  been  exceptionally  good,  reports  in  a  paper  to  the  California  Academy  of  Sciences 
a  record  of  sixty  Japanese  junks,  which  were  blown  off  the  coast  and  by  the  influence  of  the 
Kuro-Shiwo  were  drifted  or  stranded  on  the  coast  of  North  America,  or  on  the  Hawaiian  or 
adjacent  islands.  As  merchant  ships  and  ships  of  war  are  known  to  have  been  built  in  Japan 
prior  to  the  Christian  era,  a  great  number  of  disabled  junks  containing  small  parties  of  Japanese 
mu^t  have  been  stranded  on  the  Aleutian  Islands  and  on  the  Alaskan  coast  in  past  centuries, 
thereby  furnishing  evidence  of  a  constant  infusion  of  Japanese  blood  among  the  coast  tribes. 

Leaving  aside  any  attempt  to  show  the  ethnical  relations  of  these  facts,  the  question  naturally 
occurs  whether  any  of  these  waifs  ever  found  their  way  back  from  the  American  coast.  On 
observing  the  course  of  the  great  circle  of  the  KuroShiwo  and  the  course  of  the  trade  winds,  one 
inclines  to  the  belief  that  such  a  thing  is  not  beyond  the  range  of  possibility.  Indeed,  several 
well-authenticated  instances  are  mentioned  by  Mr.  Brooks ;  and  in  connection  with  the  subject  he 
advances  a  further  hypothesis,  namely,  the  American  origin  of  the  Chinese  race,  and  shows  in  a 
plausible  way  that — 

''The  ancestry  of  China  may  have  embarked  iu  large  vessels  as  emigrants,  perhaps  firom  the  vicinity  of  the  Chincha 
Islands,  or  proceeded  with  a  large  fleet,  like  the  early  Chinese  expedition  against  Japan,  or  that  of  Julius  Caesar  against 
Britain,  or  the  Welsh  Prince  Madog  and  his  party,  who  sailed  iVom  Ireland  and  landed  in  America  A.  D.  1170;  and,  in 
like  manner,  in  the  dateless  antecedure  of  history,  crossed  from  the  neighborhood  of  Pern  to  the  country  now  known  to  us 
as  China. ' ' 

If  America  be  the  oldest  continent,  paleontologically  speaking,  as  Agassiz  tells  us,  there  appears 
to  be  some  reason  for  looking  to  it  as  the  spot  where  early  traces  of  the  human  race  are  to  be  found, 
and  the  fact  would  seem  to  warrant  further  study  and  investigation  in  connection  with  the  indigenous 
people  of  our  continent,  thereby  awakening  new  sources  of  inquiry  among  ethnologists. 

LINGUISTIC  PECULIARITIES. 

The  sienite  plummet  from  San  Joaquin  Valley,  California,  goes  back  to  the  distant  age  of  the 
Drift;  and  the  Calaveras  skull,  admitting  its  authenticity,  goes  back  to  the  Pliocene  epoch,  and  is 
older  than  the  relics  or  stone  implements  from  the  drift  gravel  and  the  European  caves. 

It  is  doubtful,  though,  whether  these  sources  enable  us  to  make  generalizations  equal  iu  value 
to  those  afforded  by  the  study  of  vocabularies.  It  is  alleged  that  linguistic  affinities  exist  between 
some  of  the  tribes  of  the  American  coast  and  our  Oriental  neighbors  across  the  Pacific.    Mr.  Brooks, 
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whom  I  bave  already  quoted,  reports  that  in  March,  1860,  he  took  an  Indian  boy  on  board  the 
JapMieee  steam  corvette  Kanrin-maru,  where  a  comparison  of  Coast-Indian  and  pare  Japanese  was 
made  at  his  request  by  Funkuzawa  Ukitchy,  then  admiral's  secretary ;  the  result  of  whieh  he 
prepared  for  the  press  and  published  with  a  view  to  suggest  further  linguistic  investigation. 
He  sa^^s  that  quite  an  infusion  of  Japanese  word.s  in  found  among  some  of  the  Coast  tribes  of  Oregon 
and  California,  either  pui'e  or  clipped,  along  with  some  very  peculiar  Japanese  ^^  idioms,  construc- 
tions, honorific,  separative,  and  agglutinative  particles;"  that  shipwrecked  Japanese  are  invariably 
enabled  to  communicate  understandingly  with  the  Coast  Indians,  although  speakingqaite a  diffierent 
language,  and  that  many  shipwrecked  Japanese  have  informed  him  that  they  were  enabled  to 
communicate  with  and  understand  the  natives  of  Atka  and  Adakh  Islands  of  the  Aleutian  group. 

With  a  view  to  finding  out  whether  any  linguistic  affinity  existed  between  Japanese  and  the 
Eskimo  dialects  in  the  vicinity  of  Bering  Straits,  I  caused  several  Japanese  boys,  employed  as 
servants  on  board  the  Corwin,  to  talk  on  numerous  occasions  to  the  natives,  both  of  the  American 
and  Asiatic  coasts;  but  in  every  instance  they  were  unable  to  understand  the  Eskimo,  and  assured 
me  that  they  could  not  detect  a  single  word  that  bore  any  resemblance  to  wonls  in  their  own 
laaguage. 

The  study  of  the  linguistic  peculiarities  which  distinguish  the  population  around  Bering 
Straits  offers  an  untrodden  path  in  a  n(3W  field;  but  it  is  doubtful  whether  the  results,  exeept  to 
linguists  like  Cardinal  Mezzolanti,  or  ])hilologists  of  the  Max  Miiller  type,  would  be  at  all  commen- 
surate with  the  efforts  expended  in  this  dire<'>tiou;  since  it  is  asserted  that  the  human  voice  is 
incapable  of  articulating  more  than  twenty  distinct  sounds,  therefore  whatever  resemblnaces  there 
may  be  in  the  particular  words  of  different  languages  are  of  no  ethnic  value.  Although  these  may 
be  the  views  of  many  peraons  not  only  in  regard  to  the  Eskimo  tongue  but  in  regard  to  philology 
in  general,  the  matter  has  a  wonderful  fascination  for  more  speculative  minds. 

Much  has  been  said  about  the  affinity  of  language  among  the  Eskimo — some  asserting  that  it  is 
such  as  to  allow  mutual  intercourse  everywhere — but  instances  warrant  us  in  concluding  that  con- 
siderable deviations  exist  in  their  vocabularies  if  not  in  the  grammatical  construction.  For  instance, 
take  two  words  that  one  hears  oftener  than  any  others:  On  the  Alaskan  coast  they  say  <<na-koo- 
mk,'^  a  word  meaning  *'good,''  '^all  right,"  &c.;  on  the  Siberian  coast  "ma-zink-ah,'' while  a  vocab- 
ulary collected  during  Lieutenant  Schwatka's  expedition  gives  the  word  "  mah-muk'-poo"  for  "good." 
The  fir«it  two  of  these  words  are  so  characteristic  of  the  tribes  on  the  respective  shores  above  the 
straits  that  a  better  designation  than  any  yet  given  to  them  by  writers  on  the  subject  would  be 
NakoorookH  for  the  people  on  the  American  side  and  Mazinkuhs  for  those  on  the  Siberian  coast. 
These  names,  by  which  they  know  each  other,  are  in  general  use  among  the  whalemen  and  were 
adopted  by  every  one  on  board  the  Corwin. 

Again,  on  the  American  coast  ^'  Am-aluk-tuk"  signifies  plenty,  while  on  the  Siberian  coast  it 
is  "  Num-kuck-ee."  **  Tee  teetah  "  means  needles  in  Siberia,  in  Alaska  it  is  "mitkin."  In  the 
latter  place  when  asking  for  tobacco  they  say  **te-ba-muk,"  while  the  Asiatics  say '^  salopa.^ 
That  a  number  of  dialects  exists  around  Bering  Straits  is  apparent  to  the  most  superficial  observer. 
The  difference  in  the  language  becomes  apparent  after  leaving  Norton  Sound.  The  interpreter  we 
took  from  Saint  Michael's  could  only  with  difficulty  understand  the  natives  at  Point  Barrow,  while 
at  Saint  Lawrence  Island  and  on  the  Asiatic  side  he  could  understand  nothing  at  all.  At  East 
Cape  we  saw  natives  who,  though  apparently  alike,  did  not  understand  one  another's  language.  1 
saw  the  same  thing  at  Cape  Prince  of  Wales,  the  western  extremity  of  the  New  World,  whither  a 
number  of  Eskimo  from  the  Wankarem  River,  Siberia,  had  come  to  trade.  Doubtless  there  is  a 
community  of  origin  in  the  Eskimo  tongue,  and  these  verbal  divergencies  may  be  owing  to  ttie 
want  of  written  records  to  give  fixity  to  the  language,  since  languages  resemble  living  organisms 
by  being  in  a  state  of  continual  change.  Be  that  as  it  may«  we  know  that  this  i>eople  has 
imported  a  number  of  words  from  coming  in  contact  with  another  language,  just  as  the  Frenoh 
have  incorporated  into  their  speech  *'le  steppeur,"  "I'outsider,"  'Me  high  life,"  "le  steeple  chase," 
*4e  jockey  club," &c. — words  that  have  no  correlatives  in  French — so  the  Eskimo  has  appropriated 
from  the  whalers  words  which,  as  verbal  expressions  of  his  ideation,  are  undoubtedly  better  than 
anything  in  his  own  tongue.  One  of  these  is  "by  and  by,"  which  he  uses  with  the  same  freqiiency 
that  a  Spaniard  does  his  favorite  manaimpor  le  mafiaiio.    In  this  instance  the  words  express  the 
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state  of  development  and  habits  of  tbought — one  the  lazy  improvidence  of  the  Eskimo,  and  the 
other  the  "to-raoiTOW^'  ot  the  Spaniard,  who  has  indulged  that  propensity  so  tiar  that  his  nation 
has  become  one  of  yesterday. 

The  change  of  the  Eskimo  langu<age,  brought  about  by  its  coming  in  contaet  with  another,  forms 
an  importcint  element  in  its  history,  and  has  been  mentioned  by  the  older  writers,  also  by  Gilder, 
who  reports  a  change  in  the  language  of  the  Iwillik  Eskimo  to  have  taken  place  since  the  advent 
among  them  of  the  white  men.  Among  other  peculiarities  of  their  phraseology  occurs  the  word 
"tanuk"  signifying  whiskey,  and  it  is  said  to  have  originated  with  an  old  Eskimo  employed  by 
Moore  as  a  guide  and  dog  driver  when  he  wintered  in  Plover  Bay.  Every  day  about  noon  that 
personage  was  in  the  habit  of  taking  his  a])petizer  and  usually  said  to  the  Eskimo,  <^Come,  Joe, 
let's  take  our  tonic."  Like  most  of  his  countrymen,  Joe  was  not  slow  to  learn  the  meaning  of  the 
word,  and  to  this  day  the  firm  hold  "tnnuk"  has  on  the  language  is  only  equaled  by  the  thirst 
for  the  fluid  which  the  name  implies.  Among  the  Asiatic  Eskimo  the  word  "um-muck'' is  com- 
mon for  "rum,''  while  "em-mik"  means  water.  Even  words  brought  by  whalers  from  the  South 
Sea  Islands  have  obtained  a  footing,  such  as  *'kow-kow"  for  food,  a  word  in  general  use,  and 
"pow"  for  "no,"  or  "not  any."  They  also  call  their  babies  "pick-a-nee-nee,"  which  to  many  per- 
sons will  suggest  the  Spanish  word  or  the  southern  negro  idiom  for  "baby."  The  phrase  "pick- 
a-nee-nee  kowkow"  is  the  usual  formula  in  begging  food  for  their  children.  An  Eskimo,  having 
sold  us  a  reindeer,  said  it  would  be  "  mazlnkah  kowkow"  (good  eating),  and  one  windy  day  we 
were  hauling  the  seine,  iind  an  Eskimo  seeing  its  empty  condition  when  pulled  on  to  the  beach, 
said  "*Pow'  fish  ;  bimeby  *pow'  wind,  plenty  fish." 

The  fluency  with  which  some  of  these  fellows  speak  a  mixture  of  pigeon  English  and  whale- 
man's jargon  is  quite  astonishing,  and  suggests  the  query  whether  their  fluency  results  from  the 
aggressiveness  of  the  English  or  whether  it  is  an  evidence  of  their  aptitude!  It  seems  wonderful 
how  a  people  we  are  accustomed  to  look  upon  as  ignorant,  benighted,  and  undeveloped,  can  learn 
to  talk  English  with  a  certain  degree  of  fluency  and  intelligibility  from  the  short  intercourse  held 
once  a  year  with  a  few  passing  ships.  How  many  "hoodlums"  in  San  Francisco,  for  instance, 
learn  anything  of  Norwegian  or  German  from  frequenting  the  wharves  ?  How  many  "wharf  rats" 
or  stevedores  in  New  York  learn  anything  of  these  languages  from  similar  intercourse!  Or,  for 
that  matter,  we  may  ask,. How  many  New  York  pilots  have  acquired  even  the  smallest  modicum 
of  French  from  boarding  the  steamers  of  the  Compagnie  Gen^rale  Transatlantiquef 

From  a  few  examples  it  will  be  seen  that  the  usage  followed  by  the  Eskimo  in  its  grammatical 
variations  rests  on  the  fixity  of  the  radical  syllable  and  upon  the  agglomeration  of  the  different 
particles  intended  to  modify  the  primitive  sense  of  this  n)ot,  that  is  to  say  upon  the  principle  of 
agglutinative  languages.  One  or  two  instances  may  sufttce  to  show  the  agglutinate  character  of 
the  language.  Canoe  is  "o-me  uk;"  ship,  "o-me-uk-puk;"  steamer,  "o  me-uk-puk-ignelik;"  and 
this  composite  mechanical  structure  reaches  its  climax  in  steam-launch,  which  they  call  "  ome-uk- 
puk-ignelik-picka-nee-nee." 

For  snow  and  ice  in  their  various  forms  there  are  also  many  words,  which  show  further  the 
polysynthetic  structure  of  the  language — a  fact  contrary  to  that  primitive  condition  of  speech 
where  there  are  no  inflections  to  indicate  the  relations  of  the  words  to  each  other.  It  will  not  do 
to  omit  "0-kee-chuck"  from  this  enumeration — a  word  signifying  trade,  barter,  or  sale,  and  one 
most  commonly  lieard  among  these  people.  When  they  wish  to  say  a  thing  is  bad  they  use 
"  A  shu-ruk,"  and  when  disapproval  is  meant  they  say  "  pe-chuk."  The  latter  word  also  expresses 
general  negation.  For  instance,  on  looking  into  several  unoccupied  houses  a  native  informs  us 
"Innuit  pechuk,"  meaning  that  the  people  are  away  or  not  at  home;  "Allopar"  is  cold,  and 
"allopar  pechuk"  is  hot.  Persons  fond  of  tracing  resemblances  may  find  in  "Ignik"  (fire)  a 
similarity  to  the  Latin  igiiis  or  the  English  "ignite,"  and  from  "  Un-gi-doo-ruk"  (big,  huge)  the 
transition  down  to  "hunky-dory"  is  easy.  Those  who  see  a  sort  of  complemental  relation  to  each 
other  of  linguistic  affinity  and  the  conformity  in  physical  characters  may  infer  from  "Mikey-doo- 
rook"  (a  term  of  endearment  equivalent  to  "Mavourneen"  and  used  in  addressing  little  children) 
thai  the  inhabitants  \vithin  the  Polar  Circle  have  something  of  the  Emerald  Isle  about  them.  But 
no,  they  are  not  Irish,  for  when  they  are  about  to  leave  the  ship  or  any  other  place  for  their  houses 
they  say  "to-hum;"  consequently  they  are  Yankees. 
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I  do  not  wish  to  be  thought  frivolous  iu  my  notions  regarding  the  noble  science  of  philology  ; 
but  when  one  considers  the  changes  that  language  is  constantly  undergoing,  the  inability  of  the 
human  voice  to  articulate  more  than  twenty  distinct  sounds,  and  the  wonderful  amount  of  ingen- 
ious learning  that  has  been  wasted  by  philologists  on  trifling  subjects,  one  is  disposed  to  associate 
many  of  their  deductions  with  the  savage  picture  writing  on  Dighton  Rock,  the  Cardiff  Giant,  and 
the  old  wind-mill  at  Newport. 

ESKIMO  DIETETICS, 

Attempts  to  trace  or  discover  the  origin  of  races  through  supposed  philological  analogies  do 
not  possess  the  advantage  of  certainty  afforded  by  the  study  of  the  means  by  which  individuals  of 
the  race  supply  the  continuous  demands  of  the  body  with  the  nutriment  necessary  to  maintain  life 
and  health. 

Everybody  has  heard  of  the  seal,  bear,  walrus,  and  whale  in  connection  with  Eskimo  dietetics, 
and  doubtless  the  stomachs  of  most  persons  would  revolt  at  the  idea  of  eating  these  animals,  the 
taste  for  which,  by  the  way,  is  merely  a  matter  of  early  education  or  individual  preference,  for 
there  is  no  good  reason  why  they  should  not  be  just  as  palatable  to  the  northern  appetite  as  pig, 
sheep,  and  beef  are  to  the  inhabitants  of  tempei-ate  latitudes.  As  food  they  renew  the  nitrogenous 
tissues,  reconstruct  the  parts,  and  restore  the  functions  of  the  Eskimo  frame,  prolong  his  existence, 
and  produce  the  same  animal  contentment  and  joy  as  the  more  civilized  viands  of  the  white  man's 
table.  There  are  more  palatable  things  than  bear  or  eider-duck,  yet  I  know  many  persons  to 
whom  snails,  olive  oil,  and  j>at^  defois  grm  are  more  repugnant  A  tray  full  of  hot  seal  entrails, 
a  bowl  of  coagulated  blood,  and  putrid  fish  are  not  very  inviting  or  lickerish  to  ordinary  mortals, 
yet  they  have  their  analogue  in  the  dish  of  some  farmers  who  eat  a  preparation  of  pig's  bowels 
known  as  '<  chitterlings,"  and  in  the  blood-puddings  and  Limburger  cheese  of  the  Germans. 
Blubber-oil  and  whale  are  not  very  dainty  dishes,  yet  consider  how  many  families  subsist  on  half- 
baked  saleratus  biscuits,  salted  pork,  and  oleomargarine. 

On  the  mess  table  of  the  fur  company's  establishment  at  Saint  Paul  Island,  seal  meat  is  a 
daily  article  of  consumption,  and  firom  personal  experience  I  can  testify  as  to  its  palatability, 
although  it  reminded  one  of  indifferent  beef  rather  overdone.  Hair  seal  and  bear  steaks  were  on 
different  occasions  tried  at  the  mess  on  board  the  Corwin,  but  everybody  voted  eider-duck  and 
reindeer  the  preference.  It  is  not  so  very  long  since  that  whale  was  a  favorite  article  of  diet  in 
England  and  Holland,  and  Arctic  whalemen  still,  to  my  personal  knowledge,  use  the  freshly  tried 
oil  in  cookiug ;  for  instance,  in  frying  cakes,  for  which  they  say  it  answers  the  purpose  as  well  as 
the  finest  lard,  while  others  breakfast  on  whale  and  potatoes  prepared  after  the  manner  of  codfish 
balls.  The  whale  I  have  tasted  is  rather  insipid  eating,  yet  it  appears  to  be  highly  nutri- 
tious, judging  from  the  well-nourished  look  of  natives  who  have  lived  on  it,  and  the  air  of  greasy 
abundance  and  happy  contentment  that  pervades  an  Eskimo  village  just  after  the  capture  of  a 
whale.  Being  ashore  one  day  with  our  pilot,  we  met  a  native  woman  whom  he  recognized  as  a 
former  acquaintance,  and  on  remarking  to  her  that  she  had  picked  up  in  flesh  since  he  last  saw 
her,  she  replied  that  she  had  been  living  on  whale  all  the  winter,  which  explained  her  plumpness. 

It  must  not  be  supposed,  however,  that  the  whale,  seal,  and  walrus  constitute  the  entire  food 
supply  of  the  Arctic.  There  is  scarcely  any  more  toothsome  delicacy  than  reindeer,  the  tongue  of 
wldch  is  very  dainty  and  succulent.  There  is  one  peculiarity  about  its  flesh — ^in  order  to  have  it 
in  perfection  it  must  be  eaten  very  soon  after  being  killed )  the  sooner  the  better,  for  it  deteriorates 
in  flavor  the  longer  it  is  kept.  Indeed,  the  Eskimo  do  not  wait  for  the  animal  heat  to  leave  the 
carcass,  as  they  eat  the  brains  and  paunch  hot  and  smoking. 

While  our  gastronomic  enthusiasm  did  not  extend  this  far,  we  dined  occasionally  on  fresh 
trout  from  a  Siberian  mountain  lake,  young  wild  ducks  as  fat  as  squabs,  and  reindeer,  any  of 
which  delicacies  could  not  be  had  in  the  same  perfection  at  Delmonico's  or  any  similar  establish- 
ment in  New  York  for  love  or  money.  There  is  scarcely  any  better  eating  in  the  way  of  flsh  than 
caregontM — a  new  species  discovered  at  Point  Barrow  by  the  Corwin — and  certainly  no  more  dainty 
game  exists  than  the  young  wild  geese  and  ptarmigan  to  be  found  in  countless  numbers  in 
Hotham  Inlet.  At  the  latter  place,  doubtless  the  warmest  inside  the  Straits,  are  found  quantities 
of  cranberries  about  the  size  of  a  pea,  which  not  only  make  a  delicious  accessory  to  roasted  goose, 
H.  Ex.  106 5 
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but  act  as  a  valuable  antiscorbutic.  These  berries,  and  a  kind  of  kelp,  which  I  have  seen  Eskimo 
eating  at  Tapkan,  Siberia,  seem  to  be  the  only  vegetable  food  they  have.  The  large  qnantities 
of  eggs  easily  procurable,  but  in  most  cases  doubtful,  also  constitute  a  standard  article  of  diet 
among  these  people,  who  have  no  scruples  about  eating  them  partly  hatched.  They  seemed  never 
to  comprehend  our  fastidiousness  in  the  matter  and  why  our  tastes  differed  so  much  ft*om  theirs 
in  this  respect.  They  will  break  an  egg  containing  an  embryonic  duck  or  goose,  extract  the  bird 
by  one  leg  and  devour  it  with  all  the  relish  of  an  epicure.  Gull's  eggs,  however,  are  in  disrepute 
among  them,  for  the  women — who,  by  the  way,'have  the  same  frailties  and  weakness  as  their  more 
civilized  sisters — believe  that  eating  gulls'  eggs  causes  loss  of  beauty  and  brings  on  early  decrepi- 
tude. The  men,  on  the  other  hand,  are  fond  of  seal  eyes,  a  tid-bit  which  the  women  believe 
increases  their  amorousness,  and  feed  to  their  lords  after  the  manner  of  ^^  Open  your  mouth  and 
shut  your  eyes." 

Game  is  as  a  rule  very  tame,  and  during  the  moulting  season,  when  the  geese  are  unable  to 
fly,  it  is  quite  possible  to  kill  them  with  a  stick.  At  one  place,  Cape  Thompson,  Eskimo  were  seen 
catching  birds  from  a  high  cliff  with  a  kind  of  scoopnet,  and  I  saw  birds  at  Herald  Island  refuse 
to  move  when  pelted  with  stones,  so  unaccustomed  were  they  to  the  presence  of  man.  In  addi- 
tion to  being  very  tame,  game  is  plentiful,  and  not  an  uncommon  sight,  off  the  Siberian  coast,  were 
flocks  of  eider-ducks  darkening  the  air  and  occupying  several  hours  in  passing  overhead.  It  was 
novel  sport  to  see  the  natives  throw  a  projectile  known  as  an  **apluketat''  into  one  of  these 
flocks  with  astonishing  range  and  accuracy,  bringing  down  the  game  with  the  effectiveness  of  a 
shotgun. 

Game  keeps  so  well  in  the  Arctic  that  an  instance  is  known  of  its  being  perfectly  sweet  and 
sound  on  an  English  ship  after  two  years'  keeping,  and  whalemen  kill  a  number  of  pigs,  which 
they  hang  in  the  rigging  and  keep  for  use  during  the  cruise.  It  is  also  noticeable  that  leather 
articles  do  not  mildew  as  they  generally  do  at  sea,  some  shoes  kept  in  a  locker  on  board  the 
Corwin  having  retained  their  polish  during  the  entire  cruise. 

The  food  of  the  Eskimo  satisfies  their  instinctive  craving  for  a  hydrocarbon,  but  they  do  not 
allow  themselves  to  be  much  disturbed  or  distracted  in  its  preparation,  as  most  of  it  is  eaten  raw. 
They  occasionally  boil  their  food,  however,  and  some  of  them  have  learned  the  use  of  flour  and 
molasses,  of  which  they  are  very  fond. 

Their  aversion  to  salt  is  a  very  marked  peculiarity,  and  they  will  not  eat  either  corned  beef  or 
pork  on  this  account.    It  may  be  that  physiological  reasons  exist  for  this  dislike. 

SOCIAL  AND  DOMESTIC  RELATIONS. 

Omitting  other  ethnographic  facts  relative  to  the  Eskimo,  which  might  be  treated  in  a  system- 
atic way  except  for  their  triteness^  we  pass  from  the  means  of  the  renewal  of  the  animal  economy 
to  its  reproduction.  Courtship  and  marriage,  which,  it  is  said,  are  conducted  in  the  most  unsenti- 
mental manner  possible,  are  for  that  reason  not  to  be  discussed ;  and  for  obvious  reasons  many  of 
the  prenatal  conditions  cannot  here  be  dwelt  upon.  Having  never  witnessed  the  act  of  parturition 
in  an  Eskimo  my  knowledge  of  the  subject  is  merely  second-hand,  and  consequently  not  worth 
detailing.  It  appears,  though,  that  parturition  is  a  function  easily  performed  among  them,  and 
that  it  is  unattended  by  the  post-partem  accidents  common  to  civilization.  As  a  rule  the  women 
are  unproliflc,it  being  uncommon  to  find  a  family  numbering  over  three  children,  and  the  mortality 
among  the  new  born  is  excess! ve,|owing  to  the  ignorance  and  neglect  of  the  ordinary  rules  of  hygiene. 
They  seem,  however,  to  be  kind  to  their  children,  who  in  respect  to  crying  do  not  show  the  same 
peevishness  as  seen  in  our  nurseries ;  indeed,  the  social  and  demonstrative  good  nature  of  the  race 
seems  to  crop  out  even  in  babyhood,  as  I  have  often  witnessed  under  such  circumstances  as  a  baby 
enveloped  in  furs  in  a  skin  canoe  which  lay  along  side  the  ship  during  a  snow  storm ;  its  tiny 
hands  protruding  held  a  piece  of  blubber,  which  it  sucked  with  apparent  relish,  the  unique  picture 
of  happy  contentment  It  was  quick  to  feel  itself  an  object  of  attraction,  and  its  chubby  face 
returned  any  number  of  smiles  of  recognition. 

The  manner  of  carrying  the  infant  is  contrary  to  that  of  civilized  custom.  It  is  borne  on  the 
back  under  the  clothes  of  the  mother,  which  form  a  pouch,  and  from  which  its  tiny  head  is  gen- 
erally visible  over  one  or  the  other  shoulder,  but  on  being  observed  by  strangers  it  shrinks  like  a 
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snail  or  a  marsupian  iuto  its  snug  retreat.  When  the  mother  wants  to  remove  it  she  bends  forward, 
at  the  same  time  passing  her  left  hand  up  the  back  under  her  garments,  and  seizing  the  child  by 
the  feet,  pulls  it  downward  to  the  left ;  then,  passing  the  right  hand  under  the  front  of  the  dress, 
she  again  seizes  the  feet  and  extracts  it  by  a  kind  of  pedalic  delivery.  Another  common  way  of 
carrying  children  is  astride  the  neck.  The  subject  is  one  that  the  Chuckchii  artist  often  carves  in 
ivory. 

The  play-impulse  manifests  itself  among  these  people  in  various  ways.  They  have  such 
mimetic  objects  as  dolls,  miniature  boats,  &c.  I  have  seen  a  group  of  boys,  sailing  toy  boats  in  a 
pond^  behave  under  the  circumstances  just  as  a  similar  group  has  been  observed  to  do  at  Province- 
town,  Cape  Cod,  and  the  same  act,  as  performed  in  the  Frog  Pond  of  the  Boston  Common,  may  be 
called  only  a  differentiated  form  of  the  same  tendency.  Their  dolls,  of  ivory  and  clothed  with  fur, 
seem  to  answer  the  same  purpose  that  they  do  in  civilized  communities— namely,  the  amusement 
of  little  girls — ^for  at  one  place  where  we  landed  a  number  of  Eskimo  girls,  stopping  play  on  our 
approach,  sat  their  dolls  up  in  a  row,  evidently  with  a  view  to  give  the  dolls  a  better  look  at  the 
strange  visitors.  Spinning  tops,  essentially  Eskimo  and  unique  in  their  character,  are  held  in  the 
hand  while  spinning;  on  the  Siberian  Coast  foot  ball  is  played,  and  among  other  questionable 
things  acquired  from  contact  with  the  whalemen,  a  knowledge  of  card  playing  exists.  We  were 
very  often  asked  for  cards,  and  at  one  place  where  we  stopped  and  bartered  a  number  of  small 
articles  with  the  natives  they  gave  evidence  of  their  aptitude  at  gaming.  The  game  being  started, 
with  the  bartered  articles  as  stakes,  one  fellow  soon  scooped  in  everything,  leaving  the  others  to 
go  off  dead  broke  amid  the  ridicule  of  some  of  our  crew,  and  doubtless  feeling  worse  than  dead, 
for  among  no  people  that  I  have  seen,  not  even  the  French,  does  ridicule  so  effectually  kill. 

PERSONAL  ORNAMENTATION, 

Among  the  means  taken  by  these  people  to  produce  personal  ornamentation  that  of  tattooing 
the  face  and  wearing  a  labret  is  the  most  noticeable.  The  custom  of  tattooing  having  existed  from 
the  earliest  historical  epochs  is  important  not  only  from  an  ethnological  but  from  a  medical  and 
pathological  point  of  view,  and  even  in  its  relation  to  medical  jurisprudence  in  cases  of  contested 
personal  identity. 

Without  going  into  the  history  of  the  subject,  it  may  not  be  irrelevant  to  mention  that 
tattooing  was  condemned  b}'  the  Fathers  of  the  Church,  Tertullian  among  others,  who  gives  the 
following  rather  singular  reason  for  interdicting  its  use  among  women:  ^^Certi  sumus  Spiritum 
Sanctum  magis  mascuUs  tale  aliquid  subscribere  potuisse  si  feminis  subscripsissef* 

In  addition  to  much  that  has  been  written  by  French  and  Grerman  writers,  the  matter  of  tattoo- 
marks  has  of  late  claimed  the  attention  of  the  law  courts  of  England,  the  chief-justice,  Cockburn^ 
in  theTichbourae  case,  having  described  this  species  of  evidence  as  of  ^^  vital  importance,"  and  in 
itself  final  and  conclusive.  The  absence  of  the  tattoo-marks  in  this  case  justified  the  jury  in.  their 
finding  that  the  defendant  was  not  and  could  not  be  Roger  Tichbourne,  whereupon  the  alleged 
claimant  was  proved  to  be  an  impostor,  found  guilty  of  perjury,  and  sentenced  to  penal  servitude,  t 

The  accompanying  representations,  showing  extensive  markings  on  different  part^  of  the  body, 
are  from  photographs  obtained  in  Japan. 

Why  the  ancient  habit  of  tattooing  should  prevail  so  extensively  among  some  of  the  primitive 
tribes  as  it  does,  for  instance,  in  the  Polynesian  Islands  and  some  parts  of  Japau,  and  we  may 
say  as  a  survival  of  a  superstitious  practice  of  paganism  among  sailors  and  others,  is  a  psycho- 
logical problem  difficult  to  solve.  Whether  it  be  owing  to  perversion  of  the  sexual  instinct,  which 
is  not  unlikely,  or  to  other  cause,  it  is  not  proposed  to  discuss.  Be  that  as  it  niay,  the  prevalence 
of  the  habit  among  the  Eskimo  is  confined  to  the  female  sex,  who  iire  tatooed  on  arriving  at  the 
age  of  puberty.  The  women  of  Saint  Lawrence  Island,  in  addition  to  lines  on  the  nose,  forehead, 
and  chin,  have  uniformly  a  figure  of  strange  design  on  the  cheeks,  which  is  suggestive  of  cabalistic 
import.  It  could  not  be  ascertained,  however,  whether  such  was  the  case.  The  lines  drawn 
on  the  chin  were  exactly  like  the  ones  I  have  seen  on  Moorish  women  in  Morocco.    Another 


*De  YirginiboB  velandis.     Latetiie  Parisiorum,  1675f^,  p.  178. 

t  See  Gay's  Hospital  Report,  XIX,  1874;  also  '^Histoire  M^oole  da  Tatoaa^,''  in  Archives  de  Medecine  Navale, 
Tom.  11  et  12,  Paris,  1869. 
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outlandislt  attempt  at  atloraineut  was  witnessed  at  Ca^ie  Blossom  in  a  woinau  Who  wore  a 
bunch  of  colored  beads  susiieuded  from  the  septum  of  her  nose.  These  habits,  however,  hardly 
seem  so  revolting  as  the  use  of  the  labret  by  the  "Mazinka"  men  on  the  American  coast,  of 


style  or  peisotul  omamentation  ad<q>t«d  by  the  women  of  Baint  lawTeni-e  Island. 

whom  it  is  related  that  a  sailor  seeing  one  of  them  for  the  first  time,  and  observing  the  slit  in  the 
lower  lip  through  which  the  native  thmat  his  tongae,  thoaght  he  had  discovered  a  man  with  two 
months.  The  use  of  the  labret,  like  many  of  the  attempts  at  primitive  ornamentation,  is  very 
old,  it  having  been  traced  by  Dall  along  the  American  Coast  from  the  lower  part  of  Chili  to 
Ala8h>.  Persons  fond  of  tracing  vestiges  of  savage  omanientation  amid  intellectual  advancement 
and  {esthetic  sensibility  far  in  advance  of  the  primitive  man,  may  observe  in  the  wearers  of 
bangles  and  ear-rings  the  same  tendency  existing  in  a  differentiated  form. 

DIVESSIOm. 

1  donbt  whether  Shakespeare's  dictum  in  regard  to  music  holds  good  when  applied  to  the 
Eukimo,  for  they  have  but  little  music  in  tbeir  seals,  and  among  no  people  is  there  such  a  notice- 
able absence  of  *' treason,  stratagem,  and  spoil."  A  rude  drum  and  a  monotonous  chant  consisting 
only  of  the  fundamental  note  and  minor  third,  are  the  only  things  in  the  way  of  music  among  the 
more  remote  settlements  of  which  [  have  any  knowledge.  Mrs.  Micawber's  singing  has  been 
described  as  the  table-beer  of  acoastios.  Eskimo  singing  is  something  more.  The  beer  has  become 
flat  by  the  addition  of  ice.  One  of  our  engineers,  who  is  quite  a  fiddler,  experimented  on  his 
instrument  with  a  view  to  see  what  efTect  music  would  have  on  the  "savage  breast,"  but  his 
best  efforts  at  rendering  Madame  Angot  and  the  Grande  Ducbesse  were  wasted  t>efore  an  unsym- 
pathetic audience,  who  sliowed  as  little  appreciation  of  his  performance  as  some  people  do  when 
listening  to  Wagner's  "  Music  of  the  Future." 

Where  they  have  come  in  contact  with  civilization,  their  musical  taste  is  more  developed.  At 
Saint  Michael's  I  was  told  that  some  of  their  songs  are  so  characteristic  that  it  is  much  to  be 
regretted  that  some  of  them  cannot  be  bottled  up  in  a  phonograph  and  sent  to  a  musical  composer. 
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On  the  coast  of  Siberia  I  heard  an  Eskimo  boy  sing  correctly  a  song  he  had  learned  while  on  board 
a  whaling  vessel,  and  on  several  of  the  Aleutian  Islands  the  natives  play  the  accordion  qaite  well, 
have  music-boxes,  and  even  whistle  strains  from  Pinafore. 

From  music  to  dancing  the  transition  is  obvious,  no  matter  whether  the  latter  be  regarded  in 
a  Darwinian  sense  as  a  device  to  attract  the  opposite  sex  or  as  the  expression  of  joyous  excitement. 
This  manifestation  of  feeling  in  its  bodily  discharge,  which  Moses  and  Miriam  and  David  indulged 
in,  which  is  ranked  with  poetry  by  Aristotle,  and  which  old  Homer  says  is  the  sweetest  and  most 
perfect  of  human  enjoyments,  is  a  pastime  much  in  vogue  among  the  Eskimo,  and  it  required  but 
little  provocation  to  start  a  dance  at  any  time  on  the  Corwin's  decks  when  a  party  happened  to  be 
on  board.  Their  dancing,  however,  had  not  the  cadence  of  "  a  wave  of  the  sea,"  nor  was  there  the 
harmony  of  double  rotation  circling  in  a  series  of  graceful  curves  to  strains  like  those  of  Strauss 
or  Oungl.  On  the  contrary,  there  was  something  saltatorial  and  jerky  about  all  the  dancing  I  saw  both 
among  the  men  and  women.  It  is  the  custom  at  some  of  their  gatherings,  after  the  hunting  season 
is  over,  for  the  men  to  indulge  in  a  kind  of  terpsichorean  performance,  at  the  same  time  relating 
in  Homeric  style  the  heroic  deeds  they  have  done.  At  other  times  the  women,  more  dSoolletS 
than  our  beauties  at  the  German,  for  they  strip  to  the  waist,  do  all  the  dancing,  and  the  men  take 
the  part  of  spectators  only  in  this  choregraphical  performance. 

ART  INSTINCT. 

The  aptitude  shown  by  Eskimo  in  carving  and  drawing  has  been  noticed  by  all  travellers  among 
them.  Some  I  have  met  with  show  a  degree  of  intelligence  and  appreciation  in  regard  to  charts 
and  pictures  scarcely  to  be  exx>ected  from  such  a  source.  From  walrus  ivory  they  sculpture  figures 
of  birds,  quadrupeds,  marine  animals,  and  even  the  human  form,  which  display  considerable  indi- 
viduality notwithstanding  their  crude  delineation  and  imperfect  detail.  I  have  also  seen  a  fair 
carving  of  a  whale  in  plumbago.  Evidences  of  decoration  are  sometimes  seen  on  their  canoes,  on 
which  are  found  rude  pictures  of  walruses,  &c.,  and  they  have  a  kind  of  picture-writing  by  means 
of  which  they  commemorate  certain  events  in  their  lives,  just  as  Sitting  Bull  has  done  in  an  auto- 
biography that  may  be  seen  at  the  Army  Medical  Museum. 

When  we  were  searching  for  the  missing  whalers  off  the  Siberian  Coast  some  natives  were  come 
across  with  whom  we  were  unable  to  communicate  except  by  signs,  and  wishing  to  let  them  know 
the  object  of  our  visit,  a  ship  was  drawn  in  a  note-book  and  shown  to  them  with  accompanying 
gesticulations,  which  they  quickly  comprehended,  and  one  fellow,  taking  the  pencil  and  notebook, 
drew  correctly  a  pair  of  reindeer  horns  on  the  ship's  jib-boom — ^a  foct  which  identified  beyond  doubt 
the  derelict  vessel  they  had  seen.  At  Point  Hope  an  Eskimo,  who  had  allowed  us  to  take  sketches 
of  him,  desired  to  sketcli  one  of  the  party,  and  taking  one  of  our  note-books  and  a  pencil,  neither 
of  which  he  ever  had  in  his  hand  before,  produced  the  accompanying  likeness  of  Professor  Muir : 

At  Saint  Michael's  there  is  an  Eskimo  boy  who  draws  remarkably  well,  having 
taught  himself  by  copying  from  the  Illustrated  Loudon  News.  He  made  a  correct 
pen-and-ink  drawing  of  the  Corwin,  and  another  of  the  group  of  buildings  at  Saint 
Michael's,  which,  though  creditable  in  many  respects,  had  the  defect  of  many  Chinese 
pictures,  being  faulty  in  perspective.  As  these  drawings  equal  those  in  Dr.  Rink's 
book,  done  by  Greenland  artists,  I  regret  my  inability  to  reproduce  them  here. 
I  As  evidences  of  culture  they  show  more  advancement  than  the  carvings  of  English 
rustics  that  a  clergyman  has  caused  to  be  placed  on  exhibition  at  the  Kensington 
Museum. 

Sir  John  Ross  speaks  highly  of  his  interpreter  as  an  artist;  Beechy  says  that 
the  knowledge  of  the  coast  obtained  by  him  from  Innuit  maps  was  of  the  greatest  value,  while  Hall 
and  others  show  their  geographical  knowledge  to  be  as  perfect  as  that  possible  of  attainment  by 
dvUizedmen  unaided  by  instruments.  I  had  fr^uent  opportunities  to  observe  these  Eskimo  ideas 
of  chartography.  They  not  only  understood  reading  a  chart  of  the  coast  when  showed  to  them,  but 
would  make  tracings  of  the  unexplored  part,  as  I  knew  a  native  to  do  in  the  case  of  an  Alaskan  river, 
the  mouth  only  of  which  was  laid  down  on  our  chart. 

Manifestation  of  the  plastic  art,  which  is  found  among  tribes  less  intelligent,  is  rare  among  the 
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Eskimo  lu  fact,  the  only  thing  of  the  kind  seen  was  some  rude  pottery  at  Saint  Lawrence  Island, 
the  design  of  which  showed  but  crude  development  of  ornamental  ideas.  The  same  state  of 
advancement  was  shown  in  some  drinking  cups  carved  from  mammoth  ivory  and  a  dipper  made 
from  the  horn  of  a  mountain  sheep. 

C0MBATIVENE8S. 

In  one  of  the  acts  of  Shakespeare's  Seven  Ages  the  Eskimo  plays  a  very  unimportant  rdle. 
Perhaps  in  no  other  race  is  the  combative  instinct  less  predominant;  in  none  is  quarreling,  fierce- 
ness of  disposition,  and  jealousy  more  conspicuously  absent,  and  iu  none  does  the  desire  for  the 
factitious  renown  of  war  exist  in  a  more  rudimentary  and  undeveloped  state.  Perhaps  the 
constant  fight  with  cold  and  hunger  is  a  compensation  which  must  account  for  the  absence  of 
such  unmitigated  evils  as  war,  taxes,  complex  social  organization,  and  hierarchy  among  the 
curious  people  of  the  icy  north.  The  pursuits  of  peace  and  of  simple  patriarchal  lives,  notwith- 
standing the  fact  that  much  in  connection  therewith  is  wretched  and  forbidding  to  a  civilized 
man,  seem  to  beget  in 'these  people  a  degree  of  domestic  tranquillity  and  contentment  which, 
united  to  their  light-hearted  and  cheery  disposition,  is  an  additional  reason  for  believing  the  sum 
of  human  happiness  to  be  constant  throughout  the  world. 

MENTAL  CHARACTER  AND  CAPACITY. 

The  intellectual  character  of  the  Eskimo,  judging  from  the  information  which  various  travellers 
have  furnished,  as  well  as  my  personal  knowledge,  produces  more  than  a  feeble  belief  in  the 
possibility  of  their  being  equal  to  anything  they  choose  to  take  an  interest  in  learning.  The  Eskimo 
is  not  '^muffled  imbecility,"  as  some  one  has  called  him,  nor  is  he  dull  and  slow  of  understanding, 
as  Vitruvius  describes  the  northern  nation  to  be  "from  breathing  a  thick  air" — which,  by  the 
way,  is  thin,  elastic,  and  highly  ozonized — nor  is  he,  according  to  Dr.  Beke,  "degenerated  almost 
to  the  lowest  state  compatible  with  the  retention  of  rational  endowments."  On  the  contrary,  the 
old  Greenland  missionary,  Hans  Egede,  writes :  "  I  have  found  some  of  them  witty  enough  and  of 
good  capacity;"  Sir  Martin  Frobisher  says  they  are  "in  nature  very  subtle  and  sharp-witted;" 
Sir  Edward  Parry,  while  extolling  their  honesty  and  good  nature,  adds,  "Indeed,  it  required  no 
long  acquaintance  to  convince  us  that  art  and  education  might  easily  have  made  them  equal  or 
superior  to  ourselves ;"  Saner  tells  of  a  woman  who  learned  to  speak  Russian  fluently  in  rather 
less  than  twelve  months,  and  Beechy  and  others  have  acknowledged  the  intelligent  help  they 
have  received  from  Eskimo  in  making  their  explorations. 

Before  going  further,  it  may  not  be  amiss  to  speak  in  a  general  way  of  the  bony  covering  which 
protects  the  organ  whose  function  it  is  to  generate  the  vibrations  known  as  thought.  Of  one 
hundred  crania,  collected  principally  at  Saint  Lawrence  Island,  a  number  were  examined  by  meat 
the  Army  Medical  Museum,  through  the  courtesy  of  Dr.  Huntington,  with  the  result  of  changing 
and  greatly  modifying  some  of  the  previous  notions  of  the  conventional  Eskimo  skull  as  acquired 
from  books  on  crauiology.  Perhaps  after  the  inspection  and  examination  of  a  large  collection  of 
crania  it  may  be  safe  to  pronounce  upon  their  dififerential  character;  but  whether  the  differences  in 
configuration  are  constant  or  only  occasional  manifestations  admits  of  a«  much  doubt  as  the 
exceptions  in  Professor  Sophocles's  Greek  grammar,  which  are  often  coextensive  with  the  rule.* 

The  typical  Eskimo  skull,  according  to  popular  notion,  is  one  exhibiting  a  low  order  of  intelli- 
gence, and  characterized  by  small  brain  capacity,  with  great  prominence  of  the  superciliary  ridges, 
occipital  protuberance,  and  zygomatic  arches,  the  latter  projecting  beyond  the  general  contour  of 
the  skull  like  the  handles  of  a  jar  or  a  peach  basket ;  and  lines  drawn  from  the  most  projecting 
part  of  the  arches  and  touching  the  sides  of  the  frontal  bone  are  supposed  to  meet  over  the  forehead, 
forming  a  triangle,  for  which  reason  the  skull  is  known  as  pyramidal. 

The  first  specimen,  examined  from  a  vertical  view,  shows  something  of  the  typical  character 
as  figured  in  A,  and  when  viewed  posteriorly  there  is  noticed  a  flattening  of  the  parietal  walls  with 
an  elongated  vertex  as  shown  in  D ;  while  a  second  specimen,  represented  by  B,  shows  Qone  of  the 
foregoing  characteristics,  the  form  being  elongated  and  the  parietal  walls  so  far  overhanging  as  to 
conceal  the  zygomatic  arches  in  the  vertical  view,  so  that  if  lines  be  drawn  as  previously  men- 

♦See  Reteiofl,  Pinska  Kranier,  Stockholm:  1878. 
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tioned,  instead  of  forming  a  triangle  they  may,  like  tbe  asymptotes  of  a  parabola,  be  extended  to 
infinity  and  never  meet: 


Por  purposes  of  comparison  a  number  of  ortbograpbic  outlines,  showing  the  oontonr  of  civil- 
ized crania  from  a  vertical  point  of  observation,  are  herewith  annexed.  No.  1  is  that  of  an  eminent 
mathematician  who  committed  suicide;  No.  2,  a  prominent  politician  during  the  civil  war;  No.  3, 
a  banker;  and  No.  4,  a  notorious  $issassin.  Nos.  5  and  6  are  negro  skulls.  Further  comparison 
may  be  made  with  the  Jewish  skull,  as  represented  in  No.  7,  in  which  the  nasal  bones  project  so 
far  beyond  the  general  contour  as  to  form  a  bird-like  appendage : 

A  collection  of  Aleutian  heads,  as  seen  from  a  vertical  point  of  observation,  when  I  looked 
down  from  the  gallery  of  the  little  Greek  church  at  Ounalaska,  presented  at  first  sight  certain 
collective  characters  by  which  they  approach  one  another.  But  anatomists  know  that  a  careful 
comparison  of  any  collection  will  show  extremely  salient  differences.  In  fact,  individual  differ- 
ences, so  numerous  and  so  irregular  as  to  prevent  methodical  enumeration,  constitute  the  Stumbling- 
block  of  ethnic  craniology.  Take,  for  instance,  a  number  of  the  skulls  under  consideration :  in 
proportions  they  will  be  found  to  present  very  considerable  variations  among  themselves.  The 
skulls  figured  by  A  and  B  are  respectively  brachycephalic  and  dolichocephalic.  The  former  has 
an  internal  capacity  of  1,400,  the  latter  1,214  cubic  centimeters ;  bnt  the  facial  angle  of  each  is  80^, 
and  in  one  Eskimo  cranium  it  runs  up  to  84^.  If  the  facial  angle  be  trustworthy,  as  a  measure  of 
the  degiree  of  intelligence,  we  have  shown  here  a  development  far  in  excess  of  the  negro,  which  is 
placed  at  70^,  or  of  the  Mongolian  at  75^^  and  exceeding  that  observed  by  me  in  many  German 
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skulls,  which  do  not  as  a  rale  come  up  to  the  9(K>  of  Jupiter  Tonaus  or  of  Cuvier,  in  spite  of  the 
boasted  intelligence  of  that  nationality. 


JSHm,'!- 


•IfPfM^ 


In  none  of  the  skulls  of  the  collection  is  there  observable  the  heavy  superciliary  ridges  alleged 
to  be  common  in  lower  races,  but  which  exist  in  many  of  the  best-formed  European  crania — shall 
we  say  as  anomalies  or  as  individual  variations!  Nor  is  the  convexity  of  the  squamo-parietal 
suture  such  as  characterizes  the  low-typed  cranium  of  the  chimpanzee  or  of  the  Mound  BuUder. 
On  the  contrary,  the  orbits  are  cleanly  made  and  the  suture  is  well  curved.  Besides,  a  low  degree 
of  intelligence  is  not  shown  by  observing  the  index  of  the  foramen  magnum,  which  is  about  the 
same  as  that  found  in  European  crania;  and  the  same  may  be  said  of  the  internal  capacity  of  the 
cranium.  To  illustrate  the  latter  remark  is  appended  a  tabular  statement  made  up  firom  Welcker, 
Broca,  Aitken,  and  Meigs: 

Cubic  oentimeters. 

Austxalian 1,228 

Polynesian 1,230 

Hottentot 1,230 

Mexican _.. __ ___  1,296 

Malay 1,328 

Ancient  Pemvian.. _ _ 1,361 

French _1....... 1,403  to  1,461 

Oerman _ _ 1,448 

English 1,572 

An  average  of  the  Eskimo  skulls,  some  of  which  measure  as  much  as  1,650  and  1,715  c.  c, 
will  show  the  brain  capacity  to  be  the  same  as  that  of  the  French  or  of  the  Germans.    None  of 
them,  however,  approaches  the  anomalous  capacities  of  two  Indian  skulls  on  exhibition  at  the  Army 
Medical  Museum,  one  of  which  shows  1,785  c.  c,  and  the  other  the  unprecedented  measurement  of 
1,920  c.  c. 
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H.  Ex.  106 6 
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42  OEUISB  OP  STEAMER  OOEWIN  DT  THE  AEOTIO  OOEAK. 

If  the  foregoing  means  for  estimating  the  mental  grasp  and  capacity  for  improvement  be 
correct,  then  we  mnst  accord  to  the  most  northern  nation  of  the  globe  a  fair  degree  of  brain 
energy — potential  though  it  be.  Aside  from  the  mere  physical  methods  of  determining  the  degree 
of  intelMgence  it  is  urged  by  some  writers,  among  them  the  historian  Robertson,  that  tact  in 
commerce  and  correct  ideas  of  property  are  evidence  of  a  considerable  progress  towaixl  civilization. 
The  natural  inference  from  this  is  that  tliey  are  tests  of  intellectual  power,  since  mind  is  a  combi- 
nation of  all  the  actual  and  possible  states  of  consciousness  of  the  organism,  and  an  examination 
of  the  Eskimo  system  of  trade  draws  its  own  conclusion.  Their  fondness  for  trade  has  been  known 
for  a  long  time,  as  well  as  the  exteuded  range  of  their  commercial  intercourse.  They  trade  with 
the  Indians,  with  the  fur  companies,  the  whalers,  and  among  themselves  across  Bering  Straits. 
Many  of  them  are  veritable  Shylocks,  having  a  thorough  comprehension  of  the  axiom  in  political 
economy  regarding  the  regulation  of  the  price  of  a  thing  by  the  demand. 

THE  MORAL  SENSE  AND  THE  RELIGIOUS  INSTINCT. 

With  the  aptitudes  and  instincts  of  our  common  humanity  Eskimo  morals,  as  manifested  in 
truth,  right,  and  virtue,  also  admit  of  remark.  Except  where  these  people  have  had  the  bad 
example  of  the  white  man,  whose  vices  they  have  imitated  not  on  account  of  defective  moral  nature 
but  because  they  saw  few  or  no  virtues,  they  are  models  of  truthfulness  and  honesty.  In  fact 
their  virtues  in  this  respect  are  something  phenomenal.  The  same  cannot  be  said,  however,  for 
their  sexual  morals,  which  as  a  rule  are  the  contrary  of  good.  Even  a  short  stay  among  the 
hyperboreans  causes  one  to  smile  at  Lord  Karnes's  ^^fiigidity  of  the  ^orth  A^mericans"  and  at  the 
fallacy  of  Herder  who  says,  "  the  blood  of  man  near  the  pole  circulates  but  slowly,  the  heart  beats 
but  languidly;  consequently  the  married  live  chastely,  the  women  almost  require  compulsion  to 
take  upon  them  the  troubles  of  a  married  life,"  &c.  Nearly  the  same  idea,  expressed  by  Moutes- 
quieu,  and  repeated  by  Byron  in  <^  happy  the  nations  of  the  moral  north,"  are  statements  so  at 
variance  with  our  experience  that  this  fact  must  alone  excuse  a  reference  to  the  subject.  So  far 
are  they  from  applying  to  the  people  in  question,  that  it  is  only  necessary  to  mention,  without 
going  into  detail,  that  the  women  are  freely  offered  to  strangers  by  way  of  hospitality,  showing  a 
decided  preference  for  white  men,  whom  they  believe  to  beget  better  offspring  than  their  own 
men.  In  this  connection  one  is  soon  convinced  that  salacious  and  prurient  tastes  are  not  the 
exclusive  privilege  of  people  living  outside  of  the  Arctic  Circle;  and  observation  favors  the  belief 
in  the  existence  of  pederasty  among  Eskimo,  if  one  may  be  allowed  to  judge  from  circumstances, 
which  it  is  not  necessary  to  particularize,  and  from  a  word  in  their  language  signifying  the  act. 

Since  morality  is  the  last  virtue  acquired  by  man  and  the  first  one  he  is  likely  to  lose,  it  is 
not  so  surprising  to  find  outrages  on  morals  among  the  undeveloped  inhabitants  of  the  north  as  it 
is  to  find  them  in  intelligent  Christian  communities  among  people  whose  moral  sense  ought  to  be 
far  above  that  of  the  average  primitive  man  in  view  of  their  associations  and  the  variations  that 
have  been  so  frequently  repeated  and  accumulated  by  heredity ;  and  where  there  is  no  hierarchy 
nor  established  missionaries  it  is  still  more  surprising  to  find  any  moral  sense  at  all  among  a 
people  whose  vague  religious  belief  does  not  extend  beyond  Shamanism  or  Animism,  which  to  them 
explains  the  more  strange  and  striking  natural  phenomena  by  the  hypothesis  of  direct  spiritual 
agency. 

It  must  not  be  understood  by  this,  however,  that  these  people  have  no  religion,  as  many 
travellers  have  erroneously  believe<l ;  that  would  be  almost  equivalent  to  stating  that  races  of 
men  exist  without  speech,  memory,  or  knowledge  of  fire.  A  purely  ethnological  view  of  religion 
which  regards  it  as  "  the  feeling  which  falls  upon  man  in  the  presence  of  the  unknown,"  favors 
the  idea  that  the  children  of  the  icy  north  have  many  of  the  same  feelings  in  this  respect  as  those 
experienced  by  ourselves  under  similar  conditions,  although  there  is  doubtless  a  change  in  us 
produced  by  more  advanced  thought  and  nicer  feeling.  On  the  other  hand,  how  many  habits  and 
ideas  that  are  senseless  and  perfectly  unexplainable  by  the  light  of  our  present  modes  of  life  and 
thought  can  be  explained  by  similar  customs  and  prejudices  existing  among  these  distant  tribes. 
Is  there  no  fragment  of  primitive  superstition  or  residue  of  bygone  ages  in  the  supposed  influence 
of  the  "Evil  Eye"  in  Ireland,  or  in  the  habit  of ''telling  the  bees  "  in  Germany  !  Is  there  not 
something  of  intellectual  fossildom  in  the  popular  notion  about  Friday  and  thirteen  at  table,  and 
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in  the  ancient  rite  of  exorcising  oppressed  persons,  houses,  and  other  places  supposed  to  be  haunted 
by  unwelcome  spirits,  the  form  for  which  is  still  retained  in  the  Soman  ritual  t  And  is  not  our 
enlightened  America  '<  the  laud  of  spiritualists,  mesmerism,  soothsaying,  and  mystical  congre- 
gations "t 

When  the  native  of  Saint  Michael's  invokes  the  moon,  or  the  native  of  Point  Barrow  his  crude 
images  previously  to  hunting  the  seal,  in  order  to  bring  good  luck,  is  not  the  mental  and  emotional 
impulse  the  same  as  that  which  actuates  more  civilized  men  to  look  upon  ^^  outward  signs  of  an 
inward  and  spiritual  grac-e,"  or  not  to  start  upon  any  important  undertaking  without  first  invoking 
the  blessing  of  Deity  t  And  are  not  the  rites  observed  by  the  natives  on  the  Siberian  coast,  when 
the  first  walrus  is  caught,  the  counterpart  of  our  Puritan  Thanksgiving  Day  t 

Perhaps  the  untutored  Eskimo  has  the  same  fear  of  the  dangerous  and  terrible,  the  unknown, 
the  infinite,  as  ourselves,  and  parts  with  life  just  as  reluctantly;  but  it  cannot  be  said  that  our 
observation  favors  the  fact  of  his  longevity,  although  long  life  seems  to  prevail  among  some  of 
the  circumpolar  tribes,  the  Laps,  for  instance,  who,  according  to  Scheffer,  in  spite  of  hard  lives 
enjoy  good  health,  are  long  lived,  and  still  alert  at  eighty  and  ninety  years. — (DeMedecina 
Laponum.) 

Owing  to  his  hard  life,  the  conflict  with  his  circumstances,  and  his  want  of  foresight,  the 
Eskimo  soon  becomes  a  physiological  bankrupt,  and  his  stock  of  vitality  being  exhausted,  his 
bodily  remains  are  covered  with  stones,  around  which  are  placed  wooden  masks  and  articles  that 
have  been  useful  to  him  during  life,  as  I  have  seen  at  Nounivak  Island,  or  they  are  covered  with 
drift  wood  as  observed  in  Eotzebue  Sound,  or  as  at  Tapkan,  Siberia,  where  the  corpse  is 
lashed  to  a  long  pole  and  is  taken  some  distance  from  the  village,  when  the  clothes  are 
stripped  off,  placed  on  the  ground  and  covered  with  stones.  The  cadaver  is  then  exposed  in  the 
open  air  to  the  tender  mercies  of  crows,  foxes,  and  wolves.  The  weapons  and  other  personal 
effects  of  the  decedent  are  placed  near  by,  probably  with  something  of  the  same  sentiment  that 
causes  us  to  use  chaplets  of  flowers  and  immortelles  as  funeral  offerings — ^a  custom  that  Schiller 
has  commemorated  in  ^'Bringet  hier  die  letzen  Gaben." 

The  future  destiny  of  these  people  is  a  question  in  which  the  theologian  and  politician  are  not 
less  interested  than  the  man  of  science.  Some  observers  seem  to  think  that  their  numbers  are 
diminishing  under  the  evil  influence  of  so-called  civilization.  But  as  every  race  participates  in 
the  same  moral  nature,  and  the  entire  history  of  humanity,  according  to  Herder,  is  a  series  of 
events  pointing  to  a  higher  destiny  than  has  yet  been  revealed,  there  is  no  reason  why  the  sum  of 
human  happiness,  under  proper  auspices,  should  not  be  increased  among  the  Innuit  race.  Arch- 
deacon Eirkby,  a  Church-ofEugland  clergyman  who  has  lately  visited  them  in  a  missionary 
capacity  as  far  as  Boothia,  speaks  in  the  highest  terms  of  their  intelligence  and  capacity  for 
improvement.  Here  then  is  a  brilliant  opportunity  for  some  one  full  of  propagandism  and  charity 
to  imitate  the  acts  of  the  modern  Apostles,  and  extend  the  influence  of  civilization  to  the  gay,  lively, 
curious,  and  talkative  hyperboreans  whose  home  is  under  the  midnight  sun  and  on  the  borders  of 
the  Icy  Sea. 
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BOTANICAL  NOTES. 

By  John  Mum. 

INTRODUCTORY. 

The  plants  named  in  the  following  notes  were  collected  at  many  localities  on  the  coasts  of 
Alaska  and  Siberia,  and  on  Saint  Lawrence,  Wrangel,  and  Herald  Islands,  between  about  latitude 
64®  and  71^,  longitude  I6I0  and  178o,  in  the  course  of  short  excursions,  some  of  them  less  than  an 
hour  in  length. 

Inasmuch  as  the  flora  of  the  arctic  and  subarctic  regions  is  nearly  the  same  everywhere,  the 
discovery  of  many  species  new  to  science  was  not  to  be  expected.  The  collection,  however,  will 
no  doubt  be  valuable  for  comparison  with  the  plants  of  other  regions. 

In  general  the  physiognomy  of  the  vegetation  of  the  polar  regions  resembles  that  of  the  alpine 
valleys  of  the  temperate  zones;  so  much  so  that  the  botanist  on  the  coast  of  Artie  Siberia  or 
America  might  readily  fancy  himself  on  the  Sierra  Nevada  at  a  height  of  10,000  to  12,000  feet 
above  the  sea. 

There  is  no  line  of  perpetual  snow  on  any  portion  of  the  arctic  regions  known  to  explorers. 
The  snow  disappears  every  summer  not  only  from  the  low  sandy  shores  and  boggy  tundras  but 
also  from  the  tops  of  the  mountains  and  all  the  upper  slopes  and  valleys  with  the  exception  of 
small  patches  of  drifts  and  avalanche-heaps  hardly  noticeable  in  general  views.  But  though 
nowhere  excessively  deep  or  permanent,  the  snow-mantle  is  universal  during  wintei',  and  the 
plants  are  solidly  frozen  and  buned  for  nearly  three  fourths  of  the  year.  In  this  condition  they 
enjoy  a  sleep  and  rest  about  as  profound  as  death,  from  which  they  awake  in  the  months  of  June  and 
July  in  vigorous  health,  and  speedily  reach  a  far  higher  development  of  leaf  and  flower  and  fruit 
than  is  generally  supposed.  On  the  drier  banks  and  hills  about  Kotzebue  Sound,  Gape  Thompson, 
and  Cape  Lisbourne  many  species  show  but  little  climatic  repression,  and  during  the  long  summer 
days  grow  tall  enough  to  wave  in  the  wind,  and  unfold  flowers  in  as  rich  profusion  and  as  highly 
colored  as  may  be  found  in  regions  lying  a  thousand  miles  farther  south. 

O  UN  ALASKA. 

To  the  botanist  approaching  any  portion  of  the  Aleutian  chain  of  islands  from  the  southward 
during  the  winter  or  spring  months,  the  view  is  severely  desolate  and  forbidding.  The  snow  comes 
down  to  the  water's  edge  in  solid  white,  interrupted  only  by  dark  outstanding  bluffs  with  faces  too 
steep  for  snow  to  lie  on,  and  by  the  backs  of  rounded  rocks  and  long  rugged  reefs  beaten  and 
overswept  by  heavy  breakers  rolling  in  from  the  Paciflc,  while  throughout  nearly  every  month 
of  the  year  the  higher  mountains  are  \VTapped  in  gloomy  dripping  storm-clouds. 

Nevertheless  vegetation  here  is  remarkably  close  and  luxuriant,  and  crowded  with  showy 
bloom,  covering  almost  every  foot  of  the  ground  up  to  a  height  of  about  a  thousand  feet  above 
the  sea — the  harsh  trachytic  rocks,  and  even  the  cindery  bases  of  the  craters,  as  well  as  the 
moraines  and  rough  soil  beds  outspread  on  the  low  portions  of  the  short  narrow  valleys. 

On  the  20th  of  May  we  found  the  showy  Qeum  glaciate  already  in  flower,  also  an  arctostaphylos 
and  draba,  on  a  slope  facing  the  south,  near  the  harbor  of  Ounalaska.  The  willows,  too,  were  then 
beginning  to  put  forth  their  catkins,  while  a  multitude  of  green  points  were  springing  up  in 
sheltered  spots  wherever  the  snow  had  vanished.  At  a  height  of  400  and  500  feet,  however, 
winter  was  still  unbroken,  with  scarce  a  memory  of  the  rich  bloom  of  summer. 
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During  a  few  short  excursions  along  the  shores  of  Ounalasl^a  Harbor  and  on  two  of  the  adjacent 
mountains,  towards  the  end  of  May  and  beginning  of  October  we  saw  about  flfby  species  of  flowering 
plants— empetrum,vacciniuui,  bryanthun,  pyrola,  arctostaphylos,  ledum^  cassiope,  lupinus,  zeranium, 
epil^ium,  silene,  draba,  and  saxifraga  being  the  most  telling  and  characteristic  of  the  genera 
represented.  JBmpetrum  nigrum^  a  bryanthus,  and  three  species  of  vacoinium  make  a  grand  display 
when  in  flower  and  show  their  massed  colors  at  a  considerable  distance. 

Almost  the  entire  surface  of  the  valleys  and  hills  and  lower  slopes  of  the  mountains  is  covered 
with  a  dense  spongy  plush  of  lichens  and  mosses  similar  to  that  which  cover  the  tundras  of  the 
Arctic  regions,  making  a  rich  green  mantle  on  which  the  showy  flowering  plants  are  strikingly 
relieved,*though  these  grow  far  more  luxuriantly  on  the  banks  of  the  streams  where  the  drainage 
s  less  interrupted.  Here  also  the  ferns,  of  which  I  saw  three  species,  are  taller  and  more  abundant, 
some  of  them  arching  their  broad  delicate  fronds  over  one's  shoulders,  while  in  similar  situations 
the  tallest  of  the  five  grasses  that  were  seen  reaches  a  height  of  nearly  six  feet,  and  forms  a  growth 
close  enough  for  the  farmer's  scythe. 

Not  a  single  tree  has  yet  been  seen  on  any  of  the  islands  of  the  chain  west  of  Eodiak,  excepting 
a  few  spruces  brought  from  Sitka  and  planted  at  Onualaska  by  the  Russians  about  fifty  years  ago. 
They  are  still  alive  in  a  dwarfed  condition,  having  made  scarce  any  appreciable  growth  since  they 
were  planted.  These  facts  are  the  more  remarkable,  since  in  Southeastern  Alaska  lying  both  to 
the  north  and  south  of  here,  and  on  the  many  islands  of  the  Aexander  Archipelago,  as  well  as  on 
the  mainland,  forests  of  beautiful  conifers  flourish  exuberantly  and  attain  noble  dimensions,  while 
the  climatic  conditions  generally  do  not  appear  to  differ  greatly  from  those  that  obtain  on  these 
treeless  islands. 

Wherever  cattle  have  been  introduced  they  have  prospered  and  grown  fat  on  the  abundance 
of  rich  nutritions  pasturage  to  be  found  almost  everywhere  in  the  deep  withdrawing  valleys  and 
on  the  green  slopes  of  the  hiJls  and  mountains,  but  the  wetness  of  the  summer  months  will  always 
prevent  the  making  of  hay  in  any  considerable  quantities. 

The  agricultural  possibilities  of  these  islands  seem  also  to  be  very  limited.  The  hardier  of  the 
cereals — rye,  barley,  and  oats — make  a  good  vigorous  growth,  and  head  out,  but  seldom  or  never 
mature,  on  account  of  insufficient  sunshine  and  overabundance  of  moisture  in  the  form  of  long- 
continued  drizzling  fogs  and  rains.  Oreen  crops,  however,  as  potatoes,  turnips,  cabbages,  beets, 
and  most  other  common  garden  vegetables,  thrive  wherever  the  ground  is  thoroughly  drained  and 
has  a  southerly  exposure. 

8AINT  LAWRENCE   ISLAND, 

Saint  Lawrence  Island,  as  far  as  our  observations  extended,  is  mostly  a  dreary  mass  of  granite 
and  lava  of  various  forms  and  colors,  roughened  with  volcanic  cones,  covered  with  snow,  and  rigidly 
bound  in  ocean  ice  for  half  the  year. 

Inasmuch  as  it  lies  broadsidewise  to  the  direction  pursued  by  the  great  ice-sheet  that  recently 
filled  Bering  Sea,  and  its  rocks  offered  unequal  resistance  to  the  denuding  action  of  the  ice,  the 
island  is  traversed  by  numerous  ridges  and  low  gap-like  valleys  all  trending  in  the  same  general 
direction,  some  of  the  lowest  of  these  transverse  valleys  having  been  degraded  nearly  to  the  level 
of  the  sea,  showing  that  had  the  glaciation  to  which  the  island  has  been  subjected  been  slightly 
greater  we  should  have  found  several  islands  here  instead  of  one. 

At  the  time  of  our  first  visit,  May  28,  winter  still  had  full  possession,  but  eleven  days  later  we 
found  the  dwarf  willows,  drabas,  crizerons,  saxifrages  pushing  up  their  buds  and  leaves,  on  spots 
bare  of  snow,  with  wonderful  rapidity.  This  was  the  beginning  of  spring  at  the  northwest  end  of 
the  island.  On  July  4  the  flora  seemed  to  have  reached  its  highest  development.  The  bottoms  of 
the  glacial  valleys  were  in  many  places  covered  with  tall  grasses  and  carices  evenly  planted  and 
forming  meadows  of  considerable  size,  while  the  drier  portions  and  the  sloping  grounds  about 
them  ^were  enlivened  with  gay  highly-colored  flowers  from  an  inch  to  nearly  two  feet  in  height — 
Aconitum  NapelluSj  L.  var.  delphinifolium  ser.  Polentonium  cosruleum^  L.  Papaver  nudioaule^  Draba 
alpina^  and  Silene  cuiaulis  in  large  closely  flowered  tufts,  Andromeda,  Ledum  Linnsea,  Gassiope, 
and  several  species  of  Yaccinium  and  Saxifraga. 
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SA  INT  MIC  HA  EL  '  S. 

The  regioD  about  Saint  Michael's  is  a  maguificent  tundra,  crowded  with  Arctic  lichens  and 
mosses,  which  here  develop  under  most  favorable  conditions.  In  the  spongy  plush  formed  by  the 
lower  plants,  in  which  one  sinks  almost  knee  deep  at  every  step,  there  is  a  sparse  growth  of 
grasses,  carices,  and  rushes,  tall  enough  to  wave  in  the  wind,  while  empetrum,  the  dwarf  birch, 
and  the  various  heathworts  flourish  here  in  all  their  beauty  of  bright  leaves  and  flowers.  The 
moss  mantle  for  the  most  part  rests  on  a  stratum  of  ice  that  never  melts  to  any  great  extent,  and 
the  ice  on  a  bed  rock  of  black  vesicular  lava.  Ridges  of  the  lava  rise  here  and  there  above  the 
general  level  in  rough  masses,  affording  ground  for  plants  that  like  a  drier  soil.  Numerous 
hollows  and  watercourses  also  occur  on  the  general  tundra,  whose  well-drained  banks  are  decked 
with  gay  flowers  in  lavish  abundance,  and  meadow  patches  of  grasses  shoulder  high,  suggestive 
of  regions  much  farther  south. 

The  following  plants  and  a  few  doubtful  species  not  yet  determined  were  collected  here: 


Linnaca  horealiSj  Gronov. 
Cassiope  tetragone^  Desv. 
Andromeda  pot i folia,  L. 
Loiseleuria  procumhens,  Desv. 
Vaccinium  VUin  Idwa,  L. 
ArdoMaphyloi  atpina^  Spring. 
Ledum  patmirCj  L. 
Nardosmia  friffida,  Hook. 
Saussurea  alpina,  Dl. 
Scneeio  frigid  tut,  hem. 

paluMHH,  Hook. 
Arnica  angustifolia,  Vahl. 
Artnnisiu  ant  tea,  Bess.  * 

Matricaria  inodora,  L. 
Rnhtis  rhamtr  mornj<,  L. 

arficns,  L. 
PotentiHa  nivea,  L. 
Dryas  octopetaln,  L. 
Draba  alpituiy  L. 

incanay  L. 
Enlrema  arenicola.  Hook? 
PediciUaris  sudeticaj  Willd. 

euphrasioideSy  Steph. 
Langsdorjffiiy  Fisch,  var.  lanata.  Gray. 
Diapenaia  Lapponica,  L. 
Polemoium  cwrulettmj  L. 
Primula  borealiSj  Daly. 


Oxytropis  pod  oca  rpa ,  G  ray . 
Astragalus  alpinus,  L. 

frigid  us  y  Gray,  var.  I  iff  oralis. 
Ixithyrus  maritimuf<y  Bigelow. 
Arcnaria  lateriflora,  L. 
Stcllaria  longipcs,  Goldie. 
Hilene  acaulis,  L. 
Saxifraga  nirulis,  L. 

hieracifolia,  W.  and  K. 
Anemone  nardssiflora,  L. 

parriflora,  Michx. 
Caltha  palustris,  L.,  var.  asarifolia,  Rothr. 
VaJcriana  capitaia,  Willd. 
Lloydia  serotina,  Keichmb. 
Toficldia  cocdnea,  Richards. 
Armeria  vulgaris,  WiXld. 
Corydalis  pauciflora. 
Pinguicula  Villosa,  L. 
Mertensia  paniculaia,  Desv. 
Polygonum  alpinum,  Ail. 
Epilobium  latifolium,  L. 
Betula  nana,  L. 
Alnwt  viridis,  Dl. 
Eriophorum  capitatum. 
Carex  vulgaris,  Willd,  var.  alpina. 
Aspidium  fragrans,  Swartz. 
Woodsia  lloensis,  Bv. 


GOLOVIN  BAY, 


The  tundra  flora  on  the  west  side  of  Golovin  Bay  is  remarkably  close  and  luxuriant,  covering 
almost  every  foot  of  the  ground,  the  hills  as  well  as  the  valleys,  while  the  sandy  beach  and  a 
bank  of  coarsely  stratified  moraine  material  a  few  yards  back  from  the  beach  were  blooming  like 
a  garden  yi'iih.  Lathyrus  marithnuSj  Iris  sihiricaj  Polemonium  cmruleumy  &c.,  diversified  with  clumps 
and  patches  of  Elymiis  arenarius,  Alnu^  viridis j  and  Abies  alba. 

This  is  one  of  the  few  points  on  the  east  side  of  Bering  Sea  where  trees  closely  approach  the 
shore.  The  white  spruce  occurs  here  in  small  groves  or  thickets  of  well  developed  erect  trees  15 
or  20  feet  high,  near  the  level  pf  the  sea,  at  a  distance  of  about  6  or  8  miles  from  the  mouth  of  the 
bay,  and  gradually  become  irregular  and  dwarfed  as  they  approach  the  shore.  Here  a  number  of 
dead  and  dying  specimens  were  observed,  indicating  that  conditions  of  soil,  clima'e,  and  relations 
toother  plants  were  becoming  more  unfavorable,  and  causing  the  tree-line  to  -ecede  from  the 
coast. 
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The  following  collectioQ  was  made  here  July  10 : 

Pinguicula  vUlasay  L.  Hoydia  serotinaj  Reichemb. 

Vaccinium  vitis  Idcea^  L.  Chrysanthemum  arcticumy  L. 

Spirtea  belulsefoliay  Pallas.  Artemisia  Tilesiij  Ledeb. 

Bubus  arcticuSy  L.  Arenaria peplaideSy  L. 

Epilobium  laiifoliumy  L.  Gentiana  glanca,  Pallas. 

Polemonium  cwvuletimj  L.  Elymtts  arenariuSy  L. 

Ttientalis  europsMy  L,  var.  ardica,  Ledeb.  Poa  tritiaUSy  L. 

Entrema  arenicolay  Hook.  Carex  veaicariOy  L.  var.  alpigmay  Fries. 

Iris  sihiricay  L.  Aspidium  spinulosumy  Sw.  *^ 

KOTZEBUE  SOUND, 

The  flora  of  the  region  about  the  head  of  Kotzebue  Sound  is  hardly  less  luxuriant  and  rich  in 
species  than  that  of  other  points  visited  by  the  Corwin  lying  several  degrees  farther  south.  Fine 
nutritious  gpaases  suitable  for  the  fattening  of  cattle  and  from  2  to  6  feet  high  are  not  of  rare 
occurrence  on  meadows  of  considerable  extent  and  along  streambanks  wherever  the  stagnant 
waters  of  the  tundra  have  been  drained  off,  while  in  similar  localities  the  most  showy  of  the  Arctic 
plants  bloom  in  all  their  freshness  and  beauty,  mauifesting  no  sign  of  frost,  or  unfavorable  condi- 
tions of  any  kind  whatever. 

A  striking  result  of  the  airing  and  draining  of  the  boggy  tundra  soil  is  shown  on  the  ice-bluffs 
around  Escholtze  Bay,  where  it  has  been  undermined  by  the  melting  of  the  ice  on  which  it  rests. 
In  falling  down  the  face  of  the  ice- wall  it  is  well  skaken  and  rolled  before  it  again  comes  to  rest  on 
terraced  or  gently  sloping  portions  of  the  wall.  The  original  vegetation  of  the  tundra  is  thus 
de.stroyed,  and  tall  grasses  spring  up  on  the  fresh  mellow  ground  as  it  accumulates  from  time  to 
time,  growing  lush  and  rank,  though  in  many  places  that  we  noted  these  new  soil-beds  are  not 
more  than  a  foot  in  depth,  and  lie  on  the  solid  ice. 

At  the  time  of  our  last  visit  to  this  interesting  region,  about  the  middle  of  September,  the 
weather  was  still  fine,  suggesting  the  Indian  Summer  of  the  Western  States.  The  tundra  glowed 
in  the  mellow  sunshine  with  the  colors  of  the  ripe  foliage  of  vaccinium,  empetrum,  arctostaphylos, 
and  dwarf  birch ;  red,  purple,  aiul  yellow,  in  pure  bright  tones,  while  the  berries,  hardly  less 
beautiful,  were  scattered  everywhere  as  if  they  had  been  sown  broadcast  with  a  lavish  hand,  tivB 
whole  blending  harmoniously  with  the  neutral  tints  of  the  furred  bed  of  lichens  and  mosses  on 
which  the  bright  leaves  and  berries  Avere  painted. 

On  several^oints  about  the  sound  the  white  spruce  occurs  in  small  compact  groves  within  a  few 
miles  of  the  shore ;  and  pyrola,  which  belongs  to  wooded  regions,  is  abundant  where  no  trees  are 
now  in  sight,  tending  to  show  that  areas  of  considerable  extent,  now  treeless,  were  once  forested. 

The  plants  collected  are : 

Pyrola  rotundifoliay  L.  var.  pumilay  Hook.  Saxifraga  tricuspidatay  Retg. 

Arctostaphylos  olpitMy  Spring.  Trientalis  europasa,  L.  var.  articay  Ledeb. 

Oassiope  ietragoncy  Desr.  Lupinus  ariicusy  Watson. 

Ledum  palustre,  Hedysarum  horealCy  l^nit 

Vaccinium  Vitis  Idseay  L.  Galium  horealey  L. 

Vliginosumy  L.  var.  mueroiuUay  Hender.  Armeria  vulgar iSy  Willd,  var.  Aroticay  Cham. 

Empetrum  nigrum.  Allium  schwnoprasumy  L. 

Potentillay  anscrinay  L.  var.  Polygonum  Viviparumy  L. 

bifloray  Willd.  CastiOeia  paUiday  Kunth. 

fruticosa.  Pedicularis  sudeticay  WiUd. 
SteUaria  longipeSy  Groldie.  verticiUaUiy  L. 

(Jereustium  alpinumy  L.  var.  Behringianum.  Kegel.  Senecio  palustriSy  Hook. 

Mertensia  maritinuiy  Derr.  Saline  polariSy  Wahl. 

Papaver  midicaley  L.  Luzula  hyperboreay  R.  Br. 

CAPE    THOMPSON. 

The  Cape  Thompson  flora  is  richer  in  species  and  individuals  than  that  of  any  other  point  on 
the  Arctic  shores  we  have  seen,  owing  no  doubt  mainly  to  the  better  drainage  of  the  ground 
through  the  fissured  frost-cracked  limestone,  which  hereabouts  is  the  principal  rock. 

Where  the  hill-slopes  are  steepest  the  rock  fi^uently  occurs  in  loose  angular  masses  and  is 


CRUISE  OP  STEAMER  OORWiii  Jil  ME  ARCTIC  OCEAK, 


51 


entirely  bare  of  soil.    But  between  these  barren  slopes  there  are  valleys  where  the  showiest  of  the 
Arctic  plants  bloom  in  rich  profusion  and  variety,  forming  brilliant  masses  of  color — purple,  yellow, 
and  blue — where  certain  species  form  beds  of  considerable  size,  almost  to  the  exclusion  of  others. 
The  following  list  was  obtained  here  July  19 : 


Phlox  Sibiricaj  L. 
Polemonium  humile.  Willd. 

cwruieumy  L. 
Myomtis  sylvaiica^  var.  alpestris. 
Eriirichium  nantim,  var.  ardioides,  Heda. 
Dodecatheon  mediae  var.  frigidum,  Gray. 
Androsace  chamcejasme^  Willd. 
Anemone  narcissijiora,  L. 
muUifiday  Poir. 
parvifloTa,  Michx. 
parviflorOf  Michx.  var. 
Ranunculus  affiniSj  R.  Br. 
Ccdtha  aserifoliaj  Dl. 
Oeum  glaciale,  Fisch. 
Dryas  octopettda^  L. 
Polygonum  Bistoria^  L. 
Rumex  Crvfpua,  L. 
Boykinia  Richardsonii,  Gray. 
Saxifraga  tricuspidaUty  Retg. 

cemua^  L. 

flagellaris,  Willd. 

Davaricaj  WiUd. 

punctata,  L. 

nivalMj  L. 
Nardo9mia  caryntbosa.  Hook  ? 
EHgeron  Muiriiy  Gray,  n.  sp. 
Taraxacum  palustre,  Di. 
iknicio  frigiduSy  Less. 
Artemima  glomeraia,  Ledt. 


PoUmtiUa  UjUyra,  WiUd. 

nivea,  L. 
Draha  stellaiay  Jacq.  var.  nivalis^  Regel. 

incana,  L. 
Oardamine  pratensiSy  L.  ? 
Cheiranihu8  pygmwuSy  Adans. 
Parrya  nudicaulisy  Regel.  var.  asperay  Regel. 
Hedysarum  borealviy  Nutt. 
Oxytropis  podocarpa,  Gray. 
Cerastium  cdpinumy  L.  var.  BehringianwHy  Regel. 
Silene  acauHSy  L. 
Arenaria  vernay  L.  var.  rabella,  Hook,  f. 

Arcticay  Ster. 
Stellaria  l&ngipeSy  Goldie. 
Artemisia  tomentosa. 
Pedicularis  capitatay  Adans. 
Papaver  nudicaule,  L. 
Epilobium  latifofium,  L. 
Cassiope  tetragonCy  Dear. 
Vaccinium  uiiginosumy  L.  var.  Mucrmmtay  Hender. 

Vitis  Idseay  L. 
Salix  polaris,  Wahl,  and  two  other  species  undetermined. 
Festuca  Saliva  f 

Olyceria, 

Trisetum  subspicatumy  Beaiir,  var.  Motky  Gray. 
Carex  varifim-ay  Wahl. 

rulgariSy  Fries,  var.  Alpiiuiy  (C.  ngida,  Good). 
Vystoperis  fragiliSy  Benit. 


CAPE   PRINCE  OF  WALES. 


At  Cape  Prince  of  Wales  we  obtained : 

Loiseleuria  procumbens,  Desr. 
Andromeda  polifoliay  L.  forma  arctica. 
Vaccinium  Vitis  Idfea,  L. 
Androsace  chamctjasmCy  Willd. 

TWENTY  MILES   EAST   OF   CAPE   LISBOURNE. 


Tofieldia  coccinway  Richards. 
Armeria  arcticay  Ster. 
Taraxai^um  palustrey  Dl. 


Lychnis  apetalay  L. 
Androsace  chamcejasme,  WiUd. 
Oettm  glacialCy  Fiach. 
PoteniiUa  nivea,  L. 

bijhray  Willd. 
Phlox  Sibiricay  L. 
Primula  borealis^  Daly. 
Anemone  narcissifloray  L.  var. 


Oxytropis  campestriSy  Dl. 
Erigeron  unifloruSy  L. 
Artemisia  glomeratay  Ledb. 
Saxifraga  eschoUziiy  Sternb. 
flagcllaris,  Wmd. 
Chrysosplenium  altemifoliumy  L. 
Draba  hirUXy  L. 

CAPE   WANKEREMy  SIBERIA. 


Near  Cape  Wankerem,  August  7  and  8,  we  collected: 

Claytonia  Virginica,  L.  T  Chrysanthemum  arcticumy  L. 

Ranunculus  pygmaiis,  Wahl.  Seneoio  frigidus,  Less. 

Pedicularis  Langsdorffiiy  Fisch.  Artemisia  vulgaris,  var.  Telesii,  Ledeb. 

Chrysosplenium  altemifolium,  L.  Elymus  arenarius,  L. 

Saxifraga  cernua,  L.  Alopocurus  alpinusy  Smith. 

stellariSy  L.  var.  comosa.  Poa  arcticay  R.  Br. 

rivulariSy  L.  var.  hyperbweay.Viook,  Calamagrostis  deschampsioideSy  Trin.  f 

Polenumium  o^eruleumy  L.  /  Luzulu  hyperboreay  R.  Br. 

Lychnis  apetala,  L.  spioaio  Desv. 

Nardosmiafrigida,  Hook. 
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PLOVER  BAY,   SIBERIA, 

The  moantains  bouuding  the  glacial  fiord  called  Plover  Bay,  though  beautiful  in  their  combi- 
uatious  of  curves  and  peaks  as  they  are  seen  touching  each  other  delicately  and  rising  in  bold, 
picturesque  groups,  are  nevertheless  severely  desolate  looking  from  the  absence  of  trees  and  large 
shrubs,  and  indeed  of  vegetation  of  any  kind  dense  enough  to  give  color  in  telling  quantities,  or  to 
soften  the  harsh  rockinessof  the  steepest  portions  of  the  walls.  Even  the  valleys  opening  back 
from  the  water  here  and  thereon  either  side  are  mostly  bare  as  seen  at  a  distance  of  a  mile  or  two, 
and  show  only  a  faint  tinge  of  green,  derived  from  dwarf  willows,  heathworts,  and  sedges  chiefly. 

The  most  interesting  of  the  plants  found  here  are  Rhododendron  Kamtschaticnm^  Pall.,  and  the 
handsome  blue-flowered  Sax^ifraga  oppositi/oUaj  L.,  both  of  which  are  abundant. 

The  following  were  collected  July  12  and  August  26: 


Gentiana  glanca,  Pall. 

Geum  glacialey  FiscL. 

Dryas  octopetala,  L. 

Aoanitutn  NapelluSj  L.  var.  delphinifoliumj  Ser. 

Saxifraga  oppositifoUa^  L. 

punctata,  L. 

caspitoaa,  L. 
Diapenaia  Lapponica,  L. 


Rhododendron  Kamtschaticum,  PaU. 
Cassiope  tetragona,  Desv. 
Anemone  narci&sifloray  L. 
Arenaria  macrocarpa,  Pnrsh. 
Draba  alpina,  L. 
Parrya  Ermanni,  Ledb. 
Oxytropis,  podocarpa,  Gray. 


HERALD    ISLAND, 

On  Herald  Island  the  common  polar  cryptogamous  vegetation  is  well  represented  and 
developed.  So  also  are  the  flowering  plants,  almost  the  entire  surface  of  the  island,  with  the 
exception  of  the  sheer  crumbling  bluffs  along  the  shores,  being  quite  tellingly  dotted  and  tufted 
with  characteristic  species.    The  following  list  was  obtained : 


Saxifraga  puncfaia,  L? 

serpyllifolia,  Pursh. 

sileuifiora,  Stemb. 

bronchiali8,  L. 

Stella ris,  L.  var.  cmnoaa,  Poir. 

rivulariSj  L.  var.  hyperborean  Hook. 

hieracifolia,  Waldst  &  Kit. 
Papaver  nuedicauley  L. 


Draba  alpina,  L. 

Gymnandra  Stelleri,  Cham.  &  Schlecht. 

Stellaria  longipes^  Ooldie,  var.  Edwardmi  T.  &  G. 

Senecio  friffiduSj  Less. 

Potentma  friffida,  ViU? 

Salax  polaris,  Wahl. 

Alopecurus  alpinus,  Smith. 

LuztUa  hyperborea^  R.  Br. 


WRANQEL    ISLAND. 


Our  stay  on  the  one  point  of  Wrangel  Island  that  we  touched  was  far  too  short  to  admit  of 
making  anything  like  as  full  a  collection  of  the  plants  of  so  interesting  a  region  as  was  desirable. 
We  found  the  rock  formation  where  we  landed  and  for  some  distance  along  the  coast  to  the 
eastward  and  westward  to  be  a  close-grained  clay  slate,  cleaving  freely  into  thin  flakes,  with  here 
and  there  a  few  compact  metamorphic  masses  that  rise  above  the  general  surface.  Where  it  is 
exposed  along  the  shore  bluffs  and  kept  bare  of  vegetiition  and  soil  by  the  action  of  the  ocean,  ice, 
and  heavy  snow-drifts  the  rock  presents  a  surface  about  as  black  as  coal,  without  even  a  moss  or 
lichen  to  enliven  its  sombre  gloom.  But  when  this  dreary  barrier  is  passed  the  surface  features  of 
the  country  in  general  are  found  to  be  finely  molded  and  collocated,  smooth  valleys,  wide  as 
compared  with  their  depth,  trending  back  from  the  shore  to  a  range  of  mountains  that  appear  blue 
in  the  distance,  and  round  topped  hills,  with  their  side  curves  finely  drawn,  touching  and  blending 
in  beautiful  groups,  while  scarce  a  single  rock-pile  is  seen  or  sheer-walled  bluff  to  break  the 
general  smoothness. 

The  soil  has  evidently  been  derived  mostly  from  the  underlying  slates,  though  a  few  frag- 
mentary wasting  moraines  were  observed  containing  traveled  boulders  of  quartz  and  granite 
which  doubtless  were  brought  from  the  mountains  of  the  interior  by  glaciers  that  have  recently 
vanished — so  recently  that  the  outlines  and  sculptured  hollows  and  grooves  of  the  mountains  have 
not  as  yet  suffered  sufficient  post  glacial  denudation  to  mar  appreciably  their  glacial  characters. 

The  banks  of  the  river  at  the  mouth  of  which  we  landed  presented  a  striking  contrast  as  to 
vegetation  to  that  of  any  other  stream  we  had  seen  in  the  Arctic  regions.    The  tundra  vegetation 
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was  not  wliolly  absent,  bat  the  mosses  and  lichens  of  which  it  is  elsewhere  composed  are  about  as 
feebly  developed  as  possible,  and  instead  of  forming  a  continuous  covering  they  occur  in  small 
separate  tufts,  leaving  the  ground  between  them  raw  and  bare  as  that  of  a  newly-ploughed  field. 
The  phanerogamous  plants,  both  on  the  lowest  grounds  and  the  slopes  and  hilltops  as  far  as  seen, 
were  in  the  same  severely  repressed  condition  and  as  sparsely  planted  in  tufts  an  inch  or  two  in 
diameter,  with  about  from  one  to  three  feet  of  naked  soil  between  them.  Some  portions  of  the 
coast,  however,  farther  south  presented  a  greenish  hue  as  seen  from  the  ship  at  a  distance  of  eight 
or  ten  miles,  owing  no  doubt  to  vegetation  growing  under  less  unfavorable  conditions. 
From  an  area  of  about  half  a  square  mile  the  following  plants  were  collected  : 


Saxifraga  ftegellaHs^  WiUd. 

stellaris,  L.  var.  cariiota,  Poir.  . 

sileneflorUf  Stemb. 

hieracifoliay  Waldst.  &  Kit. 

rivHlari8j  L.  var.  hyperboreaj  Hook. 

hronchialiSj  L. 

serpylHfolia,  Piirah 
Anemone  parviftoray  Michx. 
Papaver  nudicaulCf  L. 
Draba  alpinay  L. 
Cochleria  officinalis j  L. 
Artemisia  horealiSj  Willd. 
Nardosmia  frigidUj  Hook. 
Saussurea  monticolay  Richards. 


Seneoio  frigidusy  Less. 
Fotentilla  nivea,  L. 

fngiduy  Vill.? 
Armeria  macrocarpa,  Pursh. 

vulyariSf  Willd. 
Siellaria  longipeSy  Goldie,  var.  Edtoardsii  T.  &  G. 
Cerastium  alpinum^  L. 
Gymnandra  Stelleri,  Cham  &  Schlecht. 
Salix  polariSj  Wahl. 
Luzulu  hyperhorea,  R.  Br. 
Poa  aroiioaf  R.  Br. 
Aira  caispitosay  L.  var.  Arctica. 
Alopecurus  alpinusy  Smith. 
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Tlie  la«t  of  Juue,  1881,  the  Uuited  States  reveuue  steamer  Corwin  reached  Saint  Michaels^ 
Alaska,  on  her  cruise  to  Bering  Sea  and  the  Arctic  Ocean.  The  object  of  this  cruise  was  to  search 
the  various  accessible  portions  of  the  Arctic  for  traces  of  the  Jeannette  and  two  missing  whaling 
veasels  which  were  lost  the  same  season  that  the  Jeannette  entered  the  ice.  Through  the  courtesy 
of  the  Secretary  of  the  Treasury,  1  was  taken  on  board  and  accompanied  the  Corwin  throughout 
the  remainder  of  the  season. 

On  June  21,  we  left  Saint  Michaels  and  crossed  Bering  Sea  to  Saint  Lawrence  Island  and  Plover 
Bay  on  the  Siberian  coast;  thence  along  this  coast  through  the  Straits  and  northwest  in  the  Arctic 
to  the  vicinity  of  Nordenskiold's  winter  (piarters,  where  we  took  on  board  a  sledge  party  which  had 
l>een  left  there  earlier  in  the  season  to  search  the  coast  in  that  district.  Thence  we  returned  again 
to  Saint  Lawrence  Island  and  to  Saint  Michaels.  After  remaining  here  a  short  time,  we  returned  to 
the  Arctic,  touching  at  all  the  islands  in  Bering  Straits ;  and  during  the  remainder  of  the  summer 
visited  in  succession  the  entire  Alaskan  coast  line  from  Bering  Straits  to  Point  Barrow,  including 
Kotzebue  Sound  and  on  the  Siberian  shore  from  the  Straits  to  North  Cape.  We  also  cruised  along 
the  edge  of  the  ice-pack,  landing  upon  Herald  and  Wrangel  Islands.  On  September  14,  we  passed 
through  Bering  Straits  bound  south;  and  after  remaining  some  time  at  Ounalaska  in  the  Aleutian 
islands,  fitting  the  vessel  for  a  voyage  to  San  Francisco,  we  left,  October  4,  homeward  bound. 

The  observations  on  which  the  present  paper  is  based  were  made  both  during  the  cruise  just 
detailed,  and  in  addition  are  the  results  of  observations  made  by  myself  during  over  four  years' 
residence  at  Saint  Michaels,  and  explorations  carried  on  in  various  directions  from  that  point.  In 
addition,  1  have  used  information  obtained  from  various  reports  which  have  been  issued  regarding 
the  region  in  question,  so  far  as  the  limited  time  at  my  disposal  would  allow. 

The  species  given  for  the  Alaskan  coast  and  the  islands  of  Bering  Sea  are  almost,  or  quite,  a 
complete  list  of ^ the  birds  found  there;  but  the  species  mentioned  upon  the  Siberian  coast  form 
only  a  small  quota  of  those  occurring  in  that  region.  This  is  mainly  due  to  the  little  that  is  known 
concerning  that  region  and  the  inaccessibility  of  its  literature. 

The  Arctic  waters  lying  between  Greenland  and  Europe  on  the  southeast,  and  America  on  the 
southwest,  have  been  visited  by  so  many  naturalists  accompanying  the  various  exploring  and 
other  exi>editions,  that  the  vertebrate  fauna,  at  least,  has  become  pretty  well  known.  This  is 
certainly  true  as  regards  the  distinction  of  most  of  the  species,  though  the  life  histories  of  many 
undoubtedly  yet  require  the  patient  research  of  some  enthusiastic  student  ready  to  face  the  dis- 
comfort, and  often  misery,  entailed  by  such  work  in  boreal  regions. 

Leaving  this  comparatively  well-trodden  field,  however,  where  is  the  naturalist  who  is  pre- 
pared to  state  authoritatively  just  what  is  found  at  other  portions,  or  on  other  coasts  of  this 
great  frozen  ocean  ?  The  reply  is  simple,  for  as  yet  no  one  has  been  able  to  do  more  than  to  touch 
at  some  remote  comers  of  the  coast;  or  a  vessel's  prow  may  have  pressed  into  the  shifting  ice-pack 
a  short  distance  only  to  be  rebuffed  or  else  caught  and  held  in  an  uny  ielding  grasp. 

Exceptionally  favorable  opportunities  of  the  writer  in  the  unknown  region  of  Bering  Sea  and 
the  adjoining  portion  of  the  Arctic  Ocean  to  the  north  have  been  detailed  in  the  present  paper, 
with  such  other  information  as  could  be  obtained  from  other  sources ;  as  we  visited  all  parts  of  the 
basin  lying  to  the  south  of  the  solid  ice-pack,  and  between  Alaska  on  the  east  and  south,  Bering 
straits  and  part  of  Siberia  completing  the  southern  limit,  and  the  same  portion  of  Siberia  and 
Wrangel  Island  forming,  with  the  ice-pack,  the  western  border.  Within  this  area,  visiting  all  the 
shores  named,  among  which  as  specially  noteworthy  may  be  mentioned  Herald  and  Wrangel 
Islands,  respecting  which  the  only  knowledge  existing  was  that  two  bodies  of  land  were  known  to 
lie  there,  one  of  which,  in  fact,  was  previously  considered  almost  mythical  till  the  work  of  the 
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Rogers  and  the  Corwin  has  defined  it.  Farther  work  will  undoubtedly  add  other  species  to  the 
list  and  widen  the  range  of  others. 

But  it  is  thought  the  present  paper  will  give  a  very  good  idea  of  the  bird  life  of  the  regions 
visited.  Having  the  continent  of  America  on  the  one  side  and  Asia  on  the  other^  it  might  be 
anticipated  that  we  should  secure  specially  rich  results  firom  the  combinations  of  two  faunas ;  yet, 
although  this  is  true  to  a  certain  extent,  there  are  predominating  reasons  to  prevent  the  very  marked 
exhibition  of  this.  The  first  is  the  location  of  the  region  within  the  limits  inhabited  by  a  circum- 
polar  fauna,  and  in  consequence  frequented  by  many  species  of  wide  distribution.  The  next  is  the 
similarity  of  the  two  barren  coast  lines  and  outlying  islands,  offering  but  small  inducements  to  land 
birds,  while  the  sea  birds,  as  usual,  are  species  common  to  extended  areas. 

The  usually  low  but  rolling  coast  country,  a  monotonous  grass-grown  plain,  varied  by  lichen  or 
moss-covered  slopes,  or  wind-swept  hills  reaching  back  far  into  the  interior,  are  the  only  variations 
to  the  general  level.  Here  and  t^ere  a  few  weathered  pieces  of  driftwood  break  the  cold  gray  of  the 
shingly  beach,  while  clusters  of  native  huts  or  tents  lend  a  passing  interest  to  the  cheerless  coast, 
thus  offering  but  slight  inducements  for  birds. 

As  might  well  be  expected,  the  former  region  north  of  Bering  Straits  is  entirely  Arctic ;  and 
south  of  Bering  Straits  in  Bering  Sea  the  water  birds  may  be  divided  into  two  groups — ^those  fre- 
quenting the  deep  water  surrounding  the  Aleutian,  Fur  Seal,  and  Bering  Strait  Islands,  and  the 
adjoining  Siberian  coast  for  the  first  group;  and  the  shallow-water  species  occurring  along  the  Alas- 
kan shore  from  the  mouth  of  the  Kuskoquin  River  to  the  vicinity  of  Bering  Straits.  The  former 
group  includes  the  auks  and  allied  species;  also  the  Rogers  Fulmar  and  Steller's  eider;  and  the 
second  group  such  species  as  the  emperor  goose,  the  spectacled  eider,  and  many  of  the  fresh  and 
brackish  water  ducks. 

This  distinction  of  the  two  shores  holds  also,  to  a  certain  extent,  north  of  Bering  Straits, 
these  two  shores  having  there  somewhat  the  same  relationship  I  have  just  mentioned.  There  is 
also  a  difference  still  more  striking  to  be  noted  between  the  species  frequenting  the  sea  north  of 
Bering  Straits  and  those  to  the  south.  North  of  the  straits  the  auks  are  very  rare,  while  south 
throughout  the  Aleutian  Islands,  over  all  the  other  islands  of  Bering  Sea,  except  along  its  eastern 
border,  including  even  the  islands  in  Bering  Straits,  they  swarm  in  the  greatest  abundance ;  while 
the  presence  in  Bering  Sea  of  several  other  species,  including  gulls  and  petrels  not  found  north 
of  the  straits,  makes  the  difference  still  more  striking.  Beyond  these  differences,  however,  it  is 
difQcult  to  divide  the  region  into  any  well-marked  faunal  districts. 

Though  along  some  parts  of  the  coast  the  breeding  water  fowl  fill  the  marshes  with  life,  yet 
the  rocky  islands  of  Bering  Sea  are  the  places  about  which  birds  exist  in  the  greatest  numbers ; 
and  as  Baron  Nordenskiold  well  remarks  in  his  account  of  the  Yega's  voyage,  ^'It  is  not  the  larger 
inhabitants  of  the  Polar  regions,  such  as  the  whale,  walrus,  bear,  and  seal,  which  first  attract  the  ex- 
plorer's attention,  but  the  innumerable  flocks  of  birds  that  swarm  around  the  polar  traveller  during 
the  long  summer  day  of  the  North.  And  this  is  espeeially  striking  about  any  of  the  islands  which 
birds — the  gulls,  guillemots,  and  auks — seek  as  breeding-places.  The  islands  of  Bering  Straits 
resemble  enormous  beehives,  about  which  the  birds  swarm  in  countless  numbers,  filling  the  air  with 
their  swiftly  moving  forms  in  every  direction,  and  the  waters  are  covered  with  them  all  about  the 
islands,  while  every  jutting  point  and  place  where  foothold  can  be  obtained  is  taken  x)08session 
of  by  them  for  breeding- places. 

Although  Herald  Island  is  almost  perpetually  surrounded  by  the  ice-pack,  yet  we  found  it 
swarming  with  murres,  guillemots,  and  gulls ;  as  were^also  some  of  the  cliffs  on  Wrangel  Island. 
Still  to  the  westward,  on  some  of  the  islands  visited  by  the  Jeannette  crew  on  their  retreat  towards 
the  Siberian  coast,  this  was  also  found  to  be  the  case,  as  Mr.  Newcomb  informs  me  and  they  found 
there  guillemots  in  extreme  abundance,  although  the  islands  were  surrounded  by  an  almost  un- 
broken ice-pack. 

For  the  benefit  of  naturalists  visiting  this  region  in  future,  I  will  mention  a  few  localities  where 
certain  species  of  considerable  interest  may  be  obtained.  The  Emperor  Goose  is  quite  abundant 
on  the  southwestern  portion  of  Saint  Lawrence  Island,  frequenting  the  low,  flat  portion  of  the  island 
intersected  by  lagoons.  The  islands  of  Bering  Strait  are  all  of  them  resorted  to  by  the  Crested 
Parrot-billed  and  Least  Auks,  and  the  Diomede  Islands  in  particular  are  frequented  by  myriads 
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more  acd  more  barreo,  until  from  Icy  Gape  north  it  is  a  flat  or  slightly  rolling  monotonous  stretch 
of  Arctic  bogs. 

At  Plover  Bay,  on  the  Siberian  shore,  are  low  hills  or  mountains  rising  to  1,500  feet  or 
more,  almost  sheer  fh>m  the  bay  in  many  places,  and  made  up  of  enormous  masses  of  rock,  down 
the  sides  of  which  the  crumbling  talus  of  splinters  and  fragments,  weathered  off,  make  the  slopes 
difficult  to  surmount.  About  here  the  attractions  for  the  birds  are  very  small,  and  but  few  species 
except  water  fowl  are  found.  On  the  north,  towards  Bering  Strait,  the  coast  is  somewhat  hilly; 
but  only  at  East  Cape,  the  easternmost  point  of  Siberia,  do  we  find  it  rising  again  to  a  rugged 
mountainous  peak.  Thence,  again,  along  the  northern  coast  the  shore  gradually  becomes  lower 
until  it  finally  assumes  the  low  undulating  barren  character  of  the  Arctic  tundra;  nor  does  this 
last  appear  much  more  inviting  to  land  birds  than  does  the  harsh  faces  of  the  broken  and  mount- 
ainous districts.  The  islands  of  Bering  Sea,  as  are  most  islands  frequented  by  sea-birds  in  the 
north,  are  enormous  masses  of  rock  apparently  forced  up  out  of  the  water,  with  almost  precipitous 
sides,  affording  innumerable  chinks  and  crevices  wherein  the  birds  find  shelter  and  places  for 
rearing  their  young;  but  with  only  a  slight  amount  of  vegetation,  and  much  more  familiar  with 
cold  fogs  and  icy  storms  at  all  seasons,  than  they  are  with  clear  skies  or  warm  sunshiny  days. 

In  conclusion,  I  have  only  to  express  my  thanks  for  the  courtesies  rendered,  first  to  General 
W.  B.  Hazen,  Chief  Signal  Oflicer,  and  to  the  Secretary  of  the  Treasury,  through  whose  kind  per- 
mission and  co-operation  I  was  enabled  to  accompany  the  Gorwin ;  and  also  to  Professor  S.  F. 
Baird  and  Mr.  R.  Eidgway,  of  the  Smithsonian  Institution,  for  aid  in  the  preparation  of  this  report. 

E.  W.  NELSON, 

Signal  Service^  U.  S.  A. 
Washington,  May  18, 1883. 


X 


/ 


EKRATA. 

Owing  to  the  absence  of  the  author,  and  the  haste  with  which  this  paper  has  been  put  through 
the  press,  the  writer  ha<l  no  opportunity  to  correct  the  proofs,  and  in  consequence  a  number  of 
^JP<>graphicaI  errors  are  present — the  most  important  of  which  are  detailed  in  the  following  list. 

Page  59,  in  place  of  *'  sencica''  read  "suecica/' 
Page  60,  in  pla<5e  of  "sylvai''  rea<l  "  sylvia." 
Page  63,  in  place  of  *«clala"  rea<l  ^^cehit.'i/' 
Page  64,  in  phire  of  '*  myrodioctes  "  resul  "  myiodioctes." 
Page  66,  in  pla<5e  of  *^  cucoptera  "  read  "  leucoptera." 
Page  70,  in  plH<;e  of  ^'alandinns^read  '*  alaudinua.'- 

Page  72,  in  pla(»«  of  '^  P.  iliaca"  read  "  No.  44  Passerella  iliaca  townsendi." 
Page  74,  in  place  of  "  alandidjw"  rcfwl  '^  alaiididse." 
Page  76,  strikeout  one  "a"  in  '*  virginiaanus." 

Page  77,  in  place  of  "  swinia"  rea<l  "  surnia";  in  place  of  **  candicaus"  read  "caudicans." 
Page  79,  in  place  of  "  sanctic"  read  *'  sancti." 

Page  80,  strike  out  one  '^e"  in  "  Haliaeetus;"  for  " Tetracnidje "  rea^l  ** Tetraonidae.'' 
Page  81,  for  <<  rusi)estris  "  read  '*  rupestris." 

Through  an  error  the  notes  under  numbers  78  and  79  were  not  placed  under  a  single  heading. 
Page  82,  for  "  occidentalism  read  *'  atkhensis." 

Page  85,  for  ''scolopacenus"  read  "scolopaceus";  for  '^maritima"  reatl  "couesi,  Ridg.'' 
Page  87,  for  "  pygranus  "  read  "  pygnneus." 
Page  89,  for ''  flairipes  "  read  "  llavipes." 
Page  93,  for  "  albifrous  ^  read  "  albifrons." 
Page  103,  for  "  groculidse  ^  read  ^'  graculidaj." 

Page  107,  "Larus  cachinnans"  appears  under  two  headings  by  an  error. 
Page  112,  for  "  fulmorus  "  rea<l  "fulmarus  "  and  space  between  this  word  and  the  next. 
Page  114,  for  "  Polbolli "  read  "  Holbolli." 

Page  115,  for  "  seplentrionalis  "  read  septentrionalis";  for  "  corinculala  "  read  "  corniculata.'' 
Page  116,  for  "  Simorhynchut  cristatelhus"  rea<l  "  Simorhynchus  cristatellus^;  for  "  antiguus" 
rea<l  ^^antiquus." 
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THE    BIRDS    OF   BERING    SEA   AND    THE 

ARCTIC    OCEAN. 


TURDIDiEJ.    THRUSHES. 

H7LOCICHLA   ALICIiE   Baird. 

(1.)  The  Geay-Cheeked  Thrush. 

In  middle  latitudes  where  our  acquaiutanue  is  made  with  this  bird  we  associate  it  with  damp 
woodlauds  and  sheltered  glens,  and  it  would  seem  almost  iucongrnous  to  one  familiar  with  it  in 
such  surroundings  to  look  for  it  as  an  inhabitant  of  the  barren  stretches  of  arctic  lauds  where  for 
many  miles  not  a  tree  raises  its  shaft.  Such  is  its  northern  home,  however,  and  throughout  the 
entire  arctic  region  north  of  Hudson's  Bay  to  Bering  Strait  and  across  into  Kamtchatka  the  bird 
is  found  in  a  greater  portion  of  this  range  as  an  extremely  abundant  species.  Wherever  clumps 
of  dwarf  willows  or  alder  have  gained  a  foothold  along  the  sterile  slopes  and  hillsides  in  the  north, 
a  pair  or  more  of  these  wanderers  may  be  looked  for.  Aloug  the  entire  Bering  Sea  coast  of  Alaska, 
and  north  around  the  shores  of  Kotzebue  Sound,  it  is  numerous  among  the  many  alder  bushes 
found  on  these  shores,  and  the  record  of  the  bird  from  Kamtchatka  renders  certain  its  presence  on 
the  adjoining  shores  of  Northeastern  Siberia.  It  is  the  most  northern  species  of  thrush  found  in 
America  and  its  breeding  range  is  limited  only  by  the  absence  of  a  bush  in  which  to  place  its  nest. 
It  passes  by  the  groves  and  farms  of  the  Northern  States  just  aa  the  buds  are  swelling  and  the 
warm,  misty  rains  of  spring  are  quickening  into  life  the  sleeping  seeds  and  rootlets ;  filled  with 
buoyant  exultation  it  pauses  now  and  then  to  pour  forth  those  strange  but  pleasing  cadences  which 
once  heard  in  their  full  sweetness  will  never  be  forgotten.  But  it  has  no  time  to  tarry,  and  ere  long 
it  is  already  far  on  its  way  to  the  north.  The  strange,  wild  song  which  arose  but  a  short  time 
since  in  pleasant  woodland  spots  and  quiet  nooks  in  southern  groves  is  now  heard  by  wandering 
Indians  who  seek  their  summer  fishing-groundn  by  the  banks  of  northern  streams.  Yet  a  little 
later  and  it  troops  in  abundance  near  to  the  shores  of  the  Arctic,  where  the  Mackenzie  and  other 
rivers  pour  their  spring  floods  into  the  icy  sea.  Down  the  Yukon  these  birds  pass,  using  the 
densely  bush  grown  bank  of  the  river  as  their  highway,  raising  now  and  then  their  song  which  finds 
here  fittest  surroundings.  Beaching  the  mouth  of  the  Yukon,  many  wander  along  the  coast  of 
Bering  Sea  to  the  north,  and  some  are  said  to  cross  the  straits. 

They  have  now  reached  their  summer  homes,  and  in  sheltered  thickets  among  many  of  their 
kind  they  choose  their  mates  and  prepare  for  rearing  their  young.  Ere  long  their  joyous  song  is 
heard  no  more,  but  instead  the  sprightly  bird  is  busily  engaged  in  caring  for  its  gaping  brood.  In 
the  course  of  time  the  young  are  fledged,  and  now  the  unwary  birds  fall  an  easy  prey  to  the  untried 
bows  of  the  native  boys,  who  follow  them  into  their  bushy  coverts  and  slay  many  a  helpless  victim 
with  their  blunt-pointed  arrows.  The  skins  of  the  birds  killed  by  the  boys  are  kept  till  winter  and 
hung  in  rows  as  trophies  of  the  young  hunters'  skill,  to  be  brought  out  at  the  great  midwinter  hunt- 
ing festival. 

As  the  cold  storms  of  autumn  arise  the  birds,  which  have  escaped  the  various  dangers,  and 
which  are  easily  affected  by  cold  prepare  tiO  return,  and  retracing  their  way  along  the  course 
pursued  in  spring  they  pass  again  to  the  south,  now  shy  and  silent,  awakening  the  echoes  no  longer 
with  joyous  melody,  but  apparently  imbued  with  the  saddening  spirit  of  autumn  they  pass  quickly 
by  and  are  gone. 
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H7LOCICHLA  NANUS  Aud. 

(2.)  The  Dwarf  Thrush. 

The  presence  of  this  species  in  my  list  is  owing  entirely  to  the  identification  of  Gmelin's 
Ounalaskan  Thrush  as  this  bird  by  Mr.  Ridgway.  If  Graelin's  bird  was  one  of  these  thrushes,  as 
the  imperfect  description  may  be  interpreted  to  affirm,  it  occurs  there  merely  as  a  straggler,  for 
since  the  original  record  not  a  specimen  has  been  obtained  at  Ounalaska,  or  elsewhere  on  the 
Aleutian  Islands,  by  any  of  the  numerous  naturalists  who  have  visited  them.  The  description  is 
so  vague  and  imperfect  as  given  by  Gmelin  that  absolute  identification  is  impossible,  and  from 
the  geographical  position  of  the  original  locality  the  chances  are  equally  as  favorable  for  H.  alicioB 
to  occur  as  for  the  Dwarf  Thrush. 

MERULA  MIGBATORIA  Linn.  Sw.  &  Rich. 

(3.)  The  American  Robin. 

The  breeding  limit  of  this  bird  is  restricted  to  the  wooded  part  of  the  interior,  but  it  occurs  as 
a  straggling  migrant  on  the  coast  of  Norton  Sound  and  Bering  Straits  and  a  wind-bound  visitant 
to  the  Seal  Islands.  It  is  present  as  a  summer  resident  on  Kodiak  Peninsula,  as  shown  by  skins 
brought  me  by  the  Esquimaux.  No  doubt  it  is  a  straggler  thence  to  Northeastern  Asia  or  Chukchi 
land.  It  also  visits  the  shores  of  Kotzebue  Sound  in  the  course  of  its  migrations,  but  I  do  not 
know  of  its  nesting  anywhere  near  tide- water  on  this  coast. 

It  is  a  pleasant  experience  for  one  in  a  far-off  region  like  this  to  come  across  the  familiar  forms 
known  in  other  days.  The  sight  of  this  bird  gleaning  its  food  about  the  houses  on  a  frosty  spring 
morning  in  May,  carries  one's  mind  back  from  sterile  arctic  scenery  to  the  blossoming  orchards,  the 
hum  of  bees,  and  such  other  pleasant  sounds  and  sights  of  nature  as  go  to  make  up  a  beautiful 
spring  day  in  lower  latitudes.  One  misses,  however,  the  warbling  strain  of  the  blue  bird,  and  the 
cheerless  surroundings  soon  bring  the  stern  reality  too  closely  home.  The  birds  too  seem  impressed 
with  the  gloomy  surroundings,  and  I  have  never  heard  them  utter  their  notes  during  the  time  of 
their  visits  to  the  sea-coast. 

In  the  wooded  interior,  however,  they  regain  their  spirits  and  rear  their  young  even  north  of 
the  circle,  and  here  their  cheering  notes  enliven  the  wooded  river  courses  during  the  long  summer 
days,  in  striking  contrast  to  the  silence  of  a  few  months  earlier  when  a  deathly  hush  made  the 
shadows  of  the  forests  a  fitting  haunt  for  the  wolf  and  wolverines. 

There  is  no  record  of  the  occurrence  of  the  robin  in  Northeastern  Asia,  that  I  have  found, 
although  as  before  mentioned  it  undoubtedly  is  a  casual  visitant  to  that  region.  Elliott  found 
a  single  bird  wind-bound  upon  the  Seal  Islands,  beyond  which  there  is  no  record  of  its  occurrence 
on  any  of  the  islands  in  Bering  Sea. 

HESPEROCICHLA  NiEVIA  (Gmel.)  Baird. 

(4.)    The  Varied  Thrush. 

This  handsome  bird  equals  the  robin  in  its  northern  range  in  Alaska,  and  quite  a  number  of 
skins  have  been  brought  me  from  the  northern  shore  of  Norton  Sound  and  from  the  Kotzebue 
Sound  region.  The  Eskimo  have  assured  me  of  its  range  considerably  beyond  this  district,  and 
Richardson  found  it  on  the  Mackenzie  River,  within  the  Arctic  Circle,  where  he  tells  us  it  arrives 
very  soon  after  the  Robin  and  the  Yellow  Warbler.  It,  like  the  Robin,  prefers  to  nest  in  the  wooded 
country,  but  unlike  the  latter  it  nests  at  times  in  the  alder  clumps  close  to  the  shore  of  Norton  and 
Kotzebue  Sounds.    It  is  unknown  from  the  islands  and  Asiatic  shore  of  Bering  Sea. 

I  have  not  had  the  pleasure  of  studying  the  life  habits  of  this  bird,  so  have  nothing  to  add  in 
this  particular,  but  may  say  that  its  habits  during  the  breeding  season  are  but  little  known,  very 
few  naturalists  having  had  opportunity  to  study  its  uidification. 
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CINCLIDJS,    WATER  OUZELS. 

CINCLUS  MEXICANUS  Swains. 

(5.)    The  American  Water  Ouzel. 

Throughoat  the  year,  along  the  sparkling  streams  which  descend  in  a  series  of  cascades  ^m 
the  summits  of  the  mountains  on  the  Aleutian  Islands,  the  cheerful  presence  and  strange  habits 
of  this  odd  little  bird  animate  the  silent  and  otherwise  lifeless  gorges  and  ravines  furrowing  their 
steep  slopes.  It  braves  the  wild  tempestuous  winters  of  this  part  of  the  North  Pacific  and  Bering 
Sea,  and  is  found  farther  north  wintering  even  on  streams  flowing  into  the  Arctic  Ocean. 

This  half  aquatic  thnish  is  found  about  open  spots  on  streams  flowing  into  the  head  of  Norton 
and  Kotzebue  Sounds,  where  it  braves  the  severest  temperatures  of  the  harsh  winters,  regardless 
of  the  intense  cold  prevailing  for  weeks  at  a  time.  It  searches  busily  for  its  food  in  the  icy 
waters  of  the  swiftly  running  streams  by  whose  mossy  banks,  overhung  with  stunted  pines  and 
willows,  it  rears  its  young  in  summer. 

It  is  unknown  whether  this  or  its  closely  allied  Asiatic  relatives  is  found  in  Chukchi  Land. 
But  neither  form  is  found  on  the  islands  of  Bering  Sea,  except  in  the  Aleutian  Chain,  nor  were 
any  seen  at  Plover  Bay  or  East  Cape,  where,  however,  the  conditions  are  scarcely  favorable  for 
their  presence. 

SAXICOLID^.    STONE  CHATS. 

CYANECULA  8ENCICA  (Linn.)  Bcshm. 

(6.)  The  Blue  Throated  Warbler. 

The  presence  of  this  oddly  marked  songster  here  is  owing  solely  to  the  occurrence  of  several 
specimens  at  Saint  MichaeFs,  Norton  Sound,  where  several  were  taken  by  Dr.  Adams  in  Jane, 
1862. 

The  various  authorities  who  have  written  on  the  habits  of  the  Swedish  nightingale,  either  as 
seen  in  Northern  Europe  or  Siberia,  agree  in  giving  it  rare  powers  of  song,  especially  in 
mimicking  the  notes  of  other  birds.  So  varied  and  peculiar  are  its  capabilities  in  this  respect  that 
we  can  but  regret  that  its  presence  on  American  shores  is  due  to  mere  accident. 

The  bird,  though  quite  distinct  in  several  characteristics,  especially  of  color  and  pattern  of  body, 
is  closely  allied  to  saxicola,  as  it  possesses  the  peculiar  distribution  of  color  on  the  tail  feathers 
almost  precisely  as  in  this  later  genus,  and  other  marks  of  resemblance.  I  do  not  know  of  its 
occurrence  in  Northeastern  Siberia,  although  its  summer  distribution  is  subarctic,  and  it  has  been 
found  on  the  Lower  Lena  and  in  various  parts  of  Middle  Siberia. 

8AXICOLA  CENANTHE  (Linn.)  Beohat. 

(7.)  The  Stone  Chat. 

The  Wheat  Ear,  although  long  known  as  a  rather  common  summer  resident  in  the  northeast- 
ern corner  of  America  and  in  Greenland,  has  but  recently  been  found  in  Alaska,  where  Mr.  Dall 
was  the  first  to  find  it.  He  obtained  a  number  of  specimens  in  the  middle  Yukon  region,  since 
which  time  Dr.  T.  H.  Bean  has  found  it  not  uncommon  on  the  Arctic  Coast  from  Kotzebue  Sound 
to  Cape  Lisburne,  and  the  writer  has  taken  it  in  the  fall  and  spriug  on  the  shores  of  Norton  Sound 
at  Saint  Michael's,  and  a  native  brought  a  skin  of  one  of  these  birds  on  board  the  Corwin  at  King 
Island  the  summer  during  one  of  oar  visits  there. 

This  list  of  occurrences  shows  that  the  bird  is  to  be  considered  a  somewhat  regular  visitant  to 
some  parts  if  not  all  of  Northern  Alaska.  It  is  very  erratic  in  its  occurrence,  however,  and 
where  quite  common  one  season  may  not  be  found  at  all  the  next. 

In  the  summer  of  1880,  Dr.  Bean  found  the  bird  not  uncommon  in  the  range  just  given, 
whereas  in  the  summer  of  1881  I  visited  the  same  shore  in  the  Corwin  and  failed  to  find  a  single 
individual,  although  keeping  a  sharp  watch  for  birds  wherever  we  landed.  Strangely  enough 
this  bird  has  not  been  taken  anywhere  in  Eastern  Siberia,  so  that  its  presence  in  Alaska  must  be 
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lands  of  the  interior,  holding  their  own  against  the  inclement  winter  with  its  cold  and  famine, 
render  them  the  most  interesting  of  the  winter  inhabitants  of  northern  forests.  Their  odd  self- 
assertion  and  seeming  importance  render  them  noticeable  and  attractive  wherever  one  goes. 

Like  its  relatives,  a  few  of  the  more  adventurous  of  this  species  also  pay  flying  visits  to  the 
sea-shore,  where  for  a  short  time  they  flit  about  searching  the  crevices  of  the  log  houses,  climbing 
about  the  fences,  and  making  themselves  thoroughly  at  home  for  a  short  season  and  then  betake 
themselves  to  more  suitable  quarters  again. 

TROGLODYTIDiE.    WRENS. 

ANORTHURA  ALA8CEN8IS  (Baird)  ConeB. 

(13.)  The  Alaskan  Wren. 

This  sturdy  representative  of  the  common  winter  wren  of  the  Eastern  United  States  makes 
its  permanent  home  on  the  foggy,  storm-beaten  Aleutian  and  Fur  Seal  Islands.  Here,  in  spite  of 
inclement  weather  and  the  harsh,  cheerless  form  assumed  by  nature  on  all  sides,  this  plain  but 
interesting  Wren  passes  its  life.  All  about  snow-clad  hills  or  rugged,  rock-strewn  cliflfs  and  steep 
mountain  slopes  rise  against  a  cloud-hidden  sky.  Masses  of  sleet  and  rain  dash  down  the  slopes 
and  ravines,  sending  sheet.s  of  spray  across  the  water  and  driving  all  else  to  seek  shelter ;  yet  this 
bird  holds  its  own  on  some  partly  sheltered  slope  or  grassy  flat,  and  if  spring  1>e  at  hand  its  clear 
notes  may  be  heard  breaking  forth  during  a  lull  in  the  storm  as  the  hardy  songster  holds  by  a 
firm  grasp  upon  some  small  bush  beaten  back  and  forth  in  the  wind,  or  perhaps  from  some  jutting 
rock. 

The  ravines  are  still  bedded  with  snow  in  many  places,  when  he  has  already  chosen  a  partner 
and  is  deep  in  the  mysteries  of  family  life.  In  autumn  he  is  found  sprightly  as  before,  but  less 
musical,  as  he  flits  about  the  grassy  flats  and  hilly  slopes,  generally  in  pairs,  so  that  it  may  be 
possible  he  is  paired  for  life. 

What  its  habits  are  during  winter  I  cannot  say,  but  so  brave  a  heart  in  so  small  a  body,  that 
bids  its  owner  endure  this  long,  cheerless  season,  with  its  weeks  of  tempests  raging  over  the  snow- 
covered  mountains  and  through  the  narrow  valleys,  commands  one's  admiration.  Though  the 
smallest  of  the  birds  found  on  these  islands  it  seems  capable  of  enduring  as  much  as  the  hardiest 
of  them.  It  is  one  of  the  peculiar  forms,  limited  to  these  forbidding  islands,  whose  influence  upon 
their  inhabitants  is  not  alone  shown  by  the  peculiar  character  of  their  bird  life,  but  also  in  their 
people  as  well,  the  language  and  customs  of  the  latter  having  their  insular  peculiarities  as  striking 
as  those  distinguishing  this  wren  from  its  mainjand  kin,  though  in  some  customs  our  little 
troglodyte  has  varied  less  than  his  human  fellow-inhabitant,  and  he  still  makes  his  snug  nest  in 
some  cosy  nook  in  the  rocky  cliffs  bounding  the  grim  faces  of  the  many  surrounding  mountains,  or 
a  cleft  in  a  rocky  ledge  becomes  the  chosen  spot. 

While  the  Oorwin  lay  at  Ounalaska,  the  last  of  September  and  first  of  October,  1881,  these 
birds  were  common  in  pairs,  as  if  permanently  mated.  They  kept  among  the  tall  grasses,  ferns, 
and  small  willows  formed  on  the  flats  at  the  heads  of  the  inner  bays,  but  were  remarkably  silent ; 
and  though  their  movements  were  active  and  they  were  frequently  seen  balancing  on  the  tops  of 
the  tall  plants,  not  a  note  was  heard,  and  their  movements  can  only  be  described  as  similar  to  those 
of  any  wren  in  such  a  position. 

Mr.  Elliott  tells  me  that  during  exceptionally  severe  winters  on  Saint  George  Island  large 
numbers  of  these  birds  perish.  A  few  seasons,  however,  suffice  to  bring  the  number  up  to  its 
original  stand-point. 

Another  curious  point  in  the  history  of  this  bird  is  the  fact,  as  ascertained  by  the  same  observer, 
that  although  one  of  the  commonest  birds  on  Saint  George  Island  it  is  totally  unknown  on  the 
adjoining  island  of  Saint  Paul.  This  is  a  remarkable  instance  of  the  strange  and  often  unaccount- 
able limitation  to  the  distribution  of  birds.  Saint  Paul  Island  is  only  about  thirty  miles  from  Saint 
George,  where  the  wren  is  abundant,  but  not  one  is  known  to  pass  from  one  island  to  the  other. 
One  hundred  and  eighty  miles  separate  Saint  George  Island  from  the  nearest  of  the  Aleutian, 
which  latter  islands  must  be  considered  as  the  birds'  original  habitat. 
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MOTAOILLIDiB.    WAGTAILS. 
BX7DTTE8  FLAVA  (Linn.)  Qray. 

(14.)  The  Yellow  Wagtail. 

As  a  sammer  resident  on  the  shores  of  Bering  Sea,  in  Alaska,  this  handsome  bird  makes  its 
appearance  the  last  of  May  or  the  first  of  June,  according  to  the  season,  and  very  soon  after  is 
mated  and  performing  its  summer  duty  of  nesting  and  rearing  its  young,  in  all  the  suitable  portions 
of  the  low,  open  country,  from  the  Yukon  mouth  on  the  south  to  the  southern  shore  of  Kotzebue 
Sound  on  the  north.  Saint  Michael's  may  be  taken  as  the  center  of  abundance  of  this  bird  in 
Alaska.  At  the  Yukon  mouth,  I  found  it  rare  in  the  spring  of  1879  and  during  the  summer  of  1880. 
I  only  found  two  or  three  specimens  at  the  various  landings  made  in  Kotzebue  Sound ;  it  was,  also, 
found  sparingly  at  Plover  Bay,  where  nearly  every  naturalist  who  has  landed  there  has  also  found 
it.  It  was  not  seen  on  the  Arctic  shore  of  Siberia  visited  by  the  Oorwin,  nor  does  Nordenskjold 
mention  it  as  being  found  at  his  wintering  place.  As  autumn  approaches,  towards  the  last  of 
August,  these  gentle  birds  prepare  to  return  to  their  winter  quarters  in  Southeastern  Asia  and 
adjoining  islands.  One  by  one  they  leave  our  shore,  and  unless  some  waif  is  caught,  like  the  one 
Mr.  Dall  secured  at  sea,  off  Saint  Mattliew's  Island,  nothing  more  is  heard  of  them  in  America  until 
they  recross  the  sea  again  in  spring.  Meanwhile  they  have  twice  passed  the  strange  scenes  of 
China,  Japan,  and  other  adjoining  lands  of  the  Orient,  and  penetrated  the  countries  of  Southeastern 
Asia  and  the  adjoining  islands,  joining  meanwhile  in  pleasant  fellowship  with  many  a  strange 
feathered  companion,  whose  experience  wots  not  of  the  wide  lands  roamed  over  by  his  jaunty, 
tip- tilted  friend,  whose  air  of  complacent  impertinence  speaks  of  much  sight  seeing  in  foreign  parts; 
and  who  knows  but  he  even  affects  a  slight  Eskimo  lisp  as  the  result  of  his  voyage  across  the  seas  f 
However,  he  is  a  very  welcome  summer  visitor  to  the  cheerless  bogs  of  Northwestern  Alaska  and 
makes  a  pleasant  addition  to  the  slightly  varied  character  of  the  bird  life  in  this  portion  of  the  far 
north. 

ANTHUS  LUDOVICIANUS  (Qm.)  Lioht. 

(15.)  The  Amebic  an  Titlark.    . 

During  the  early  spring  the  Titlark  is  found  sparingly  along  the  entire  Alaskan  coast  of  Bering 
Sea,  but  does  not  breed  to  my  knowledge  south  of  the  straits,  except  perhaps  on  the  mountains 
back  from  the  coast,  and  I  have  not  found  it  numerous  at  any  season,  though  it  is  said  to  be 
common  in  the  interior.  It  also  occurs  on  the  Chuckchee  peninsula  and  Aleutian  Islands.  The 
first  of  August  it  comes  straggling  slowly  back  from  its  breeding  ground  in  the  north,  bringing  its 
young  in  train,  and  after  lingering  for  a  short  time  about  favorite  spots  in  the  vicinity  of  Saint 
Michael's  passes  on  to  seek  winter  quarters  far  to  the  south. 

ANTHUS  PRATEN8IS  (Linn.)  Beohst. 

(16.)  The  European  Titlark. 

This  widely-spread  Old  World  bird  has  been  taken  but  once  within  the  region  treated  of  in 
this  paper.  A  single  specimen  was  secured  at  Saint  Michael's  by  Mr.  Dall,  during  the  Russian- 
American  Telegraph  Expedition,  and  remains  the  only  evidence  of  its  presence  on  either  shore  of 
Bering  Sea. 

MOTACILLA  OCULARIS  Swirflhoe. 

(17.)  The  Siberian  Wagtail. 

All  the  later  naturalists  who  have  visited  Plover  Bay,  Siberia,  have  secured  specimens  of  this 
handsome  bird,  Dall,  Bean,  and  myself  in  succession  finding  it  there.  The  two  former  took  it  late 
in  the  season  in  imperfect  plumage,  while  during  the  second  visit  of  the  Corwin  to  this  bay,  the 
last  of  June,  1881, 1  secured  a  fine  adult  male  in  perfect  breeding  plumage,  the  handsome  plate 
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\    . 


^'<^v<4•  tiiP  spit  niak'-tL'  <»ut    (t  ^h*'  Mii'n'jr  <••    .' 
is  \i)  1)0  t;ikiM  as  rypicaL     H  \v;'s  *!(•-<•  t .  "    ■ 
jj  owiii;^  me  to  ;}]>JM'«;i,'}i  vf^i  y  el, >>-,;'.  .      [ 
M'.  Tiii'ii'T  statr-x  TnJiT  ho  oUscrvfti  mi   »  ,.j'  :  • 
.\io.nii:«h  <Thain.  in  tlu' snrinu:  oT  ;•-"•;.     Am^ 
tlie    lrst'>i>   of    t  lii.s  siuH'irS  i.*-    tlu'    f  *>  f    M);)l    .. 
MiisoniK  ohtciiiM-ii   i»y  Mi    L.  licldi  >-   iw   :^«.«i  I  • 
wiiittrof  livSi -!  ^SL>.  t  Ini.^  intKMJiK  ii;-    il    i.^  a   i   ^ 
'"fnnKJi  aii'i  pi'j'dy  wril  kir<>\vn  ^liitl  "   i />'l('<*t  :.• 
sii''  rt-irriins  'o  \u\  \vo:  k«Ml  oiU.     Ihi^  ,i«  ••»!>(}>. i 
i'lSfct  111  tlaj  charactr:  istic  i:iau::t»TMl  'it;-  .muI  ; 

''lit*   8|>(v,;:h'11  (»(■'  this  ]»i](lj  u'hich  i  »•    !    '!ir-! 
T  :,ue  in  t'lHl  .'^pMi'i:*  plafna^'e,  <»{"  wIim-U  i^i    ^.i-r-^ 

lUi  Ic  ikmi'In  in?:t  >rni  ashy,  rhan;,^;    ir    »i    t  ,  ]•-; 
e/.^'r8  oi"  ff  ath-^iS.     Al'  biit  tA^<"»  outrr  tail  't      l/tf   ^ 
}**  i:ar!<)W  !oi«^itn(}i'i;<l  ijaiKJ  oT  hlack  from  i   i-      i';  •< 
t^if-  pikI  of  rhi'  f(  J«lhris  ail  iii-h  lr«  n  (ij;  ot'  i  r^'  ;i: 
<i](»r-;j:  nrar  t^.e.  sli.tft  ot*  »)'!r<M  wch  of  th«*  ii»>     :«•  ' 
luidilh' of  the   f'f'atlicr.      ^^  in^   iku'^f    l»r(>n  n  :  '    .*  .1 
;;i«'atrr  ami    h'^srr  coveirs  art'  so   hr-^i'iiy  ♦'•.,•■  ^1 
hr".vji  r,r!)!*^is,  \i\v.  two  Ihas  foi'miiiu  a     ai.*  .  ;•    .; 
A  ln():al    fioittiil    jiatcli    of  \s  hil.-  o\o*r.'!i;i;j:    f'- •:;* 
}>osierini  r«];i(' of  orbits  aiHl   riMitiiiuin;^''   hick     i«  i 
]it-arl\   !)lark  Ime  ♦'Xit'ii-'s  i\n\\)   ^.\\n-   \).n-]\   ti«!'<^i     • 
hiii.rk  pat<'h  ^N  ai'-h  oithjih's  tLu' '•r;>\va  a;al  h  {•'.;      ' 
I-'iMiii  t!)*'  has(*  i>{   l;)u-or  iiiaiuli!  \*  (;n  <'a.  Ii  >■■]*'  ;-,   .■ 
("vcaiitl  (loWii  liie  >U\(   i}\'  nrv]',  ^-'parat ini;  r'  ?•  ;<   '•  .. 
^\t('r'<ls:   from   t\w  V»;'se  <>f  lower  uiainhUh'  »i«'V.  >«  -..  ■• 
siirlar*-  whit*-,  tin,:^^Ml  w»th  a  \v;.sii  of  a.^liy  on   s;«!i  .  * 
h'y/A'l.     Dimeiisions:  \\'iii,%  •'..(».');   tail,"k7r>;  tarsus.  .!•.;  : 


t    I 
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HELMINTHOPHAGA  CLATA    •  Sav     Hh.. 


(I.S.)  Tin:  ()n.i.\(»i: CaowNEi)  VVAKjjifiu 


Tills  is  (piito.  a  conmioii  brctoin-  bird  of  th<'  intojior  of  Nort'm  rn  A'l-'   •  <:  '   • 
I*at  doos  :iot  n.-^iial-y  a]^[K*ar  aloni:   the  sca-ioast  iiiijil  i.s  yor»n;j^  ar*-  thdir^o    «    :    .    -  . 
8ouih.     'i1iis    taKtvs  phi'*e  (biiiiiif  the   lirsi    Iialf  of  AuLKisr,  at    whirh    tJiao  {■  •    <•   1. 
nnmrrons  for  one  or  two  weeks,  es|)(M-iaih  aloujjr  th<'  >horp  of  NoiM>n  :    )und.      '  '<:«•    a.v 
to  oi!(air  on  tlie  adjoifiin^i^  siiore  of  Si-Miia,  nor  on  any  of  th(^.  isla.nds  in  r.enng\  Si'«, 


DENDRCECA  JESTIVA     Gir.-l  ^   Sa. 

(ID.)  1  HE  Y':t,i«)W  \VAir/'TJ{, 

A  common  summer  resident  in  (*v«'ry  a!<ier  and  ^vi^n^^  p.o<   i    iiooi^-  the  Amerivan  mainland, 
and  more  ninnerons  on  the  shores  of  ^^orion  and  Kot/'  hio'  Sound-,  th  n:  elsewdiore,  owi!i^  ma^dv 
to  theahiindii"'    ^^\'  its  laxoritt-  sho'tt-r  on  lln'se  sIkmos.     Its  fandhar  nt»ie.s  and  bii.ulit  ]»  na  ^l- 
render  it  onr  <  t    the  most  atti'a'-ti\e  sammoi*  visitants.     It   is  one  oi  the  f<^w  spe<Mr>.  ot"  tj;!^  jm.  • 
exteixiini;  its  Ta'i;r<    ^vith  11  tlie  Aretio  ('irch-,  and  has,  ]>erhi.ps,  the  preti'i'.st   ]>luma^M'  ot     cs    i  i 
reaehing'  this  hijjih  hu'tude  iu  Amoriea. 
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ra*«  <>Fiin;iiiyi}.^'  this  V(/]uin<.^  sbowij?^^  tiie  l;  '  I  m  «v.ri«.»jf>-'5  t:,,--  .j:i-  •«»  ,'h)  ^n  \Uo  LntssN  (liit.s  which 
t'ovr  TtiP  si>ir  tn  ^k  w^^  (»iit  ;it  tlio  /liou^li  oi  lii*  S.  ■  , -'anl  .■■:  -..•!(.  (•  vj  k  •-  ii;-:.  i^'  mv  si!»:rio  exani|>[(', 
i.s  iM  !»0  t;«.kv\:  as  rv}'''  il.  11  WPS  (*h»sr  t*^  *''f  '-  -'  :  ••  •>',  •  •  '  "'  ..:<'  i  :*•"  'I  i\  -*•'.;;*' ;i»  !  (hvw  iieur, 
allov/iiio;  ^(le  to  a|)]>TM,.  Ij  vhi  \  closv  ly.  I  hns  .'  ,  .  .  -  •  •  •  .,  '!  ■>  : '»:•  sli  ;l'[«'st  diliPMilty. 
Mt  .  Tniitfrr  statts  tiiJit.  Ih' ^  UstMVtMi  «)iu*  «.»i' titt\-;c  '.'•:  i  •  ■  .•  .  »  f'.  i  ':  ; ;  .  '..  \'> -'.'fM^v.-.n.'i-t  oi  rlu^ 
AI(Mii!  Ml  Ciiain,  in  tlu*  spi.    u"  of  H<si.     And  ono  -  '  '••.-.  •■         ''•    m    ojci  .  iion  with 

tFf*    Ii'stoiy  i>f   thi:.  sjMM'ics  i-    f^i'   r.ict   that    Jisp.ft.  '•     -    ^;:'.',  ;    :-     *.    •        /J    '  i"-  \  f\i(Mi;ii 

Miisr*rin.  i>1>taiiH-«l   l»y  "Mr.  L.    '.   ilihii   in   Sou thrrn  <  ,.:;  .  "-'.-'    I;    .     •.   •.  ;    ']:■',   ;•«    ilc  early 

winttrof  l:'Si-i,ss'J.  thniS  inti"-  ,.    !:<:    it  ;i>,  a  men/.M-;  ...     !.      ;*   >»!    '    ^  v     .     ■.  Ir    i.-.,  .i 

'"iijn»r-Ti  Lind  pr<*tty  will  kiiowii  ^  .-  'i  follcrlioiis  tVc:!  J  •  :  •  "  •• -i;?.  i»,.  ;  ,  ;;  .  i-.  -.^v  •.;*,». 
sii'l  ivntains  'n  bf^  worked  out.  !;;■  .r^'onihai; vincj;  plai.  ••  -  j-  '<:  ,;  I'n:  .«  i  r  .••--:  i'  iM* 
insrrt  in  tin;  (diaractcristir  rian^/er',,.,     .•-•  anil  Ji'lirMJ  <nii!  ,  .  • 

'I  lu  s)»e<-iirt<^n  of  this  V>i]<];  wbirh  >  •     '    ww^l  .nn.H»  l.i»,  i      •  .'\*'V  \\  i\,  ^   v-  '  .,  .-    .,,i  ,j,,i  V 

T  aie  in  fn!l  s^iI'Itvl:*  1l^llila^•e,  ofw!  icli  t'.i       .••)\NiiK;  is  a.  d«*>r.    :  ; 

[$a  Ic  n«'ai!\  unit  )rrr.  ashy,  rh;in;;Mi-    .;    .     |,«"r  ta.il  i'o\rt!-  .  .   ^a,  vvitli  H'I  ;.>!  -    uiNaiai 

e>^^(S  oi"  r»  ullfS's.     Al!  bat  t\\o  outrr  tail  n  ■•  l>lack  ;  thr  r    •   ••     ■  t  *'.  m- !)»ts  \-hite.  ♦•:'..   h  .-v  .i:^ 

a  r.;j!  row  l(>iio-itndi»;al  band  <)n>hu*k  from  Iji-  *<'.:  tlx- t^d^i.^  im     •  :      <..         v,  >.i<'h  I'uns  c,  j:  r.>v;:.  .Is 

flir  TMid  of  r)ie  f<aihias  an  iii-'li  fr< 'n  \\\)  of  l,:-  ..  t  <  I.>'-t'  t«>  <  •  •  :  .•  i  \  I;';h  U  lint-  «-.  isa-ds 
aloiij^MK'av  rlie  shaft  of  oMt«M  wad)  of  thf^  h«'.\  t  i-  <      ■;  t.  a-  ,.•• .  ^: ..  ,     -•  •■  -- ij»j^tnirin<x  at  vi- •  ho 

njiddh' of  the   f^'aMuT.     ^^  in^^   Hi^ht   brovA  n  ;  tc;     ..  •       a  :  < 'i  <»  »   •  :  .a  lU  whito.     The 

;^'i>Mtf  r  and    le^^s^T  eoveits  aiv  .^o   V»r<>adiy  «Mii;-i-d  i    .    .'-•  f.r  --,  •'    -.  •<:  <  •»,!    rh»'.  (Imk 

brt'^n  t:rntri.>.  jhc  two  thas  nn'uni>j;  a   h»i-;.':r,  nnif  •.    o:*?   i«  >'.    .  '   ".;'  ^■•♦^  •),■    ^.■■••..(. 

A  laoal    frtn)tal    jiatch   of  \\'nil<   r'Xtonilini^   f!«>rn    b:.     '•      '    *      ••i«!a--    j.     ;  .  a  •>'rosN  t !  .;• 

j>os;e]ioi  ed;4e  of  orbits  and   ('(rntinuin;^'  baek    neai*l\   V  "it   w^  .■    •  :         •         •    -   ;  :>♦>       \ 

nrar)y  idark   bnt^  e  xremls  from  pape   !>ack   thro'mli  (\v«-,      ■  .m  •  •    ■>      .        -    i-         ■  >.-  i;)! 

l>lark  t»at<di  \n  jinIi  oc(aij)!es  thtMTowfi  and  I|■n•!^:l  •.  •'».i««     ^  ".  .      ■• '     •      •        .    •    \  •    a       ,     , 

i'rv)in  1hi^  base  ot   lowor  natndil    a  on  <'av-h  >.d.p   j  >.^  .:..-.■  .    ,  ;  •  .     ' 

e.rantldow.i  tl:c  si'h   <d' nia'l,  >'*parat  in;;  t' »'  i*   m-:,  .  ^<-<  i    ;  ■    .    •.  :  •  .     ,. 

<'\tM>ds   tVoni   th^'  V>ase  of  h»war  Lnan<id»le  th')v  n  ♦.;  -r   •*,.=  ;..;•,  ■  •    . 

srrlat-e  wldtr-,  tiii-Ced  with  a  wash  of  ashy  on   ^\Ak  •  *    :  .    '     "i,  :  •.. 

haze:.     Dimensions;  \Vina",'kdo;   tail,-i7.j;  tarsus./.-";   i:;'*:  ■'«•'  •  .... 

SVLVICOIJD.E.     AMFKirAN   W'AUl'l.. 

HELMINTHOPHAGA  CLATA  iSay^   Baiid. 

(18.)  Tjia:  ()nA.\(.r.  ('i{<)WN7:i)  VVarhm:u. 


T]iii>  is  quit4^  a  eommr)]i  brc*  diuju'  i)i)"d  of  the  iidrrioi  of  Northiaai  Alaska  du.i;^  fvudi  sir,  ?♦  or, 
I'Ut  doos  not  n.^tialiv  ap[>ear  alon^  the  sea-roast  unlil  its  yonu<^  ar»'  l]<  dLCed  ane  ;  •<•  on  fij.drN\..y 
Kouili.  idns  taiw's  pla^o  dnrinii"  \\w  first  half  of  ^VuLiust,  at  whh:h  tiiae  th(\<e  lr>.:is  ai'e  (jniie 
nmnrjons  for  one  or  rwo  weeks,  especially  alonj:'  th<*  shoie  of  Nor.(>n  .  )\\\\A,  'f'ln\vaie  !"'t.  knov.u 
to  oc<air  on  the  adjoinin;^^  shore  of  Si-na-ia,  iH»r  on  any  of  the  islands  in  IUu'in;;''.>.  Sra, 

DENDBCECA  iESTIVA     0;o  a      8a. 

(11>.)  TfiE  Yrn.r.on   WArr"  \  k 

A  common  summer  lesifbait  in  every  abler  aiid  ^^i  !r»\v  par<  ;»  .Ki:.:;  the  American  mainland, 
and  mon^  numeiocs  on  the  short\s  of  N<»r!on  and  Kot/  •'•.o^  Sonn»i.->  th  O;  els(nvheie,  owini^  maiidv 
to  the  abnndanre  .a'  its  i*a\oritc  sheMor  on  '.]i«'  c*  si'ats.  1:-  famibar  notes  and  bright  ]•  •»:}  iu  • 
ren»ler  it  om*  ot  the  most  attra<*tive  snmmei'  v,>itaniN.  h  is  >»ne  of  the  few  s])eci(\s  of  \\\\<  .:io  ' \' 
extending'  its  laa;::'  within  the  Arctic  C'ii'cle,  aiid  has,  )>riha]>s,  tlie  )>retricst  ]>!umaL:e  ot  a^  r! 
rea(dijn«^^  tl  is  Id^^h  latitutle  in  AiiM^-ica. 
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acGompaDying  this  volume  showing  the  bird  mentioned.  They  are  found  on  the  grassy  flats  which 
cover  the  spit  making  out  at  the  mouth  of  the  bay,  and  are  very  unsuspicious,  if  my  single  example 
is  to  be  taken  as  typical.  It  was  close  to  the  Eskimo  huts  and  lighted  upon  a  stone  as  I  drew  near, 
allowing  me  to  approach  very  closely.  I  thus  obtained  the  prize  without  the  slightest  difficulty. 
Mr.  Turner  states  that  he  observed  one  of  these  birds  on  the  island  of  Atka,  the  westernmost  of  the 
Aleutian  Chain,  in  the  spring  of  1S8I.  And  one  of  the  most  remarkable  facts  in  connection  with 
the  history'  of  this  species  is  the  fact  that  a  specimen  has  lately  been  received  at  the  National 
Museum,  obtained  by  Mr.  L.  Belding  in  Southern  California,  where  it  was  obtained  in  the  early 
winter  of  1881-1882,  thus  introducing  it  as  a  member  of  the  fauna  of  North  America.  It  is  a 
common  and  pretty  well-known  bird  in  collections  from  Eastern  Siberia.  Its  life  history,  however, 
still  remains  to  be  worked  out.  The  accompanying  plate  represents  it  in  the  act  of  darting  at  an 
insect  in  the  characteristic  manner  of  this  and  allied  birds. 

The  specimen  of  this  bird,  which  I  obtained  June  26,  1881,  at  Plover  Bay,  Siberia,  is  an  adult 
male  in  full  spring  plumage,  of  which  the  following  is  a  description : 

Baek  nearly  uniform  ashy,  changing  on  upper  tail  coverts  to  blackish,  with  an  ashy  wash  on 
edges  of  feathers.  All  but  two  outer  tail  feathers  black  ;  the  two  outer  feathers  white,  each  having 
a  narrow  longitudinal  band  of  black  from  base  along  the  edge  of  inner  web,  which  runs  out  towards 
the  end  of  the  feathers  an  inch  from  tip  of  first  and  close  to  tip  of  second.  A  black  line  extends 
along  near  the  shaft  of  outer  web  of  the  next  to  outer  feather,  breaking  and  disappearing  near  the 
middle  of  the  feather.  Wing  light  brown ;  tertiaries  much  darker  and  edged  with  white.  The 
greater  and  lesser  coverts  are  so  broadly  edged  with  white  as  to  overlap  and  conceal  the  dark 
brown  centers,  the  two  thus  forming  a  large,  uniform  white  patch  on  the  upper  surface  of  wing. 
A  broad  frontal  patch  of  white  extending  from  bill  back  on  crown  to  a  line  drawn  across  the 
posterior  edge  of  orbits  and  continuing  back  nearly  to  the  occiput  as  a  supraocular  stripe.  A 
nearly  black  line  extends  from  gape  back  through  eye,  uniting  the  neck  with  the  nearly  square 
black  patch  which  oc<;upies  the  crown  and  nuchal  region  and  extends  partly  down  on  sides  of  neck. 
From  the  base  of  lower  mandible  on  each  side  a  widening  baud  of  white  extends  back  under  the 
eye  and  down  the  side  of  neck,  separating  the  black  crown  patch  from  the  large  black  patch  which 
extends  from  the  base  of  lower  mandible  down  over  the  throat  and  breast.  The  rest  of  under 
surface  white,  tinged  with  a  wash  of  ashy  on  sides  and  flanks.  Bill  and  feet  black.  Iris  dark 
hazel.    Dimensions:  Wing,  3.65;  tail,  3.75;  tarsus,  .95;  middle  toe  and  claw,  .71;  culmen,  .50  inches. 

SYLVICOLID^.    AMERICAN  WARBLERS. 

HBLMINTHOPHAOA  CLATA  (Say)  Balrd. 

(18.)  The  Orange-Crowned  Warbler. 

This  is  quite  a  common  breeding  bird  of  the  interior  of  Northern  Alaska  during  each  summer, 
but  does  not  usually  appear  along  the  sea-coast  until  its  young  are  fledged  and  are  on  their  way 
south.  This  takes  place  during  the  first  half  of  August,  at  which  time  these  birds  are  quite 
numerous  for  one  or  two  weeks,  especially  along  the  shore  of  Norton  Sound.  They  are  not  known 
to  occur  on  the  adjoining  shore  of  Siberia,  nor  on  any  of  the  islands  in  Bering's  Sea. 

DBNDROICA  iBSTIVA  (Omel.)  Bd. 

(19.)  The  Yellow  Warbler. 

A  common  summer  resident  in  every  alder  and  willow  patch  along  the  American  mainland, 
and  more  numerous  on  the  shores  of  Norton  and  Kotzebue  Sounds  than  elsewhere,  owing  mainly 
to  the  abundance  of  its  favorite  shelter  on  these  shores.  Its  familiar  notes  and  bright  plumage 
render  it  one  of  the  most  attractive  summer  visitants.  It  is  one  of  the  few  species  of  this  group 
extending  its  range  within  the  Arctic  Circle,  and  has,  perhaps,  the  prettiest  plumage  of  its  kind 
reaching  this  high  latitude  in  America. 
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DBNDRGBCA  CORONATA  (Linn.)  Gray. 

(20.)  The  Yellow-Rump  Wabbleb 

Occurs  as  an  occasional,  but  not  rare,  visitant  along  the  American  shore,  perhaps  most 
numerous  along  the  shores  of  Norton  Sound.  It  is,  however,  a  woodland  species,  and  makes  but 
very  short  stops  along  the  inhospitable  coast,  but  hastens  to  more  congenial  locations  in  the 
interior,  where  it  rears  its  young.  In  the  autumnal  migration  it  hastily  seeks  its  more  southern 
haunts,  and  rarely  lingers  along  the  bare  coast  of  the  north,  as  do  some  of  its  relatives. 

DENDROICA  STRIATA  (Forst.)  Baird. 

(21.)  The  Black-Poll  Wabbleb. 

Like  the  Yellow  Rump,  this  is  a  rather  scarce  bird,  and  is  found  along  the  shore  of  Norton 
Sound  merely  as  a  spring  and  fall  migrant.  It  also  occurs  upon  the  shores  of  Kotzebue  Sound 
at  the  same  season.  Like  other  small  birds,  it  frequents  the  vicinity  of  houses  during  its  passage, 
where  it  apparently  finds  the  best  foraging  grounds.  The  small  garden  spot  close  to  the  kitchen  at 
Saint  Michael's  seems  to  be  the  great  rendezvous  and  point  of  attraction  for  such  of  these  small 
species  as  pass  that  way  in  spring  and  fall.  Like  some  of  the  other  small  birds  mentioned,  this  is 
a  common  interior  species ;  it  is  unknown  on  the  islands  and  Asiatic  shore  of  the  sea. 

SIURUS  NiBVinS  (Bodd)  Coues. 

(22.)  The  Small-Billed  Wateb  Thbush. 

Rather  common  about  the  shores  of  Norton  Sound  during  the  fall  migration,  which  continues 
during  the  month  of  August.  Although  not  numerous  every  season,  yet  from  three  to  a  dozen 
may  be  taken  about  the  muddy  spots  in  the  immediate  vicinity  of  the  houses  at  Saint  Michael's. 
It  has  not  been  taken  on  any  of  the  islands  in  Bering  Sea.  These  birds  breed  in  the  bushy  islands 
of  the  Lower  Yukon  in  great  abundance  as  well  as  in  some  of  the  more  favorable  thickets  along  the 
coast  of  Norton  Sound,  ranging  as  high  up  at  least  as  Kotzebue  Sound.  Their  clear,  rich  notes 
rise  from  the  dense  clumps  of  willows  or  alders  in  their  favorite  haunts  in  spring,  enlivening  the 
river  banks  with  their  wild  full  tones  and  dividing  the  musical  honors  with  the  larger  Fox-colored 
Sparrow. 

MTRODIOCTES  PUSILLUS  (Wile.)  Bp. 

(23.)  The  Black-Capped  Yellow  Wabbleb. 

In  companionship  with  the  Yellow  Warbler,  this  pretty  little  bird  makes  its  summer  home 
among  the  bushy  patches  along  the  coast,  especially  from  the  Yukon  mouth  north  to  Kotzebue 
Sound.  Both  this  and  the  species  just  mentioned  extend  their  summer  haunts  even  to  the 
confines  of  the  Arctic  Circle.  Both  make  pilgrimages  in  the  winter  to  Mexico  and  Central 
America,  where  they  hob-nob  and  catch  flies  with  the  stay-at-home  warblers  and  fly  catchers  of 
the  tropical  forests,  and  after  a  season  of  recreation  and  plenty  they  betake  themselves  over  the 
thousands  of  miles  intervening  and  arrive  a  merry,  restless  party  at  their  nesting  grounds  early 
in  June  or  the  last  of  May.  They  are  unknown  beyond  the  Alaskan  mainland  and  are  more 
plentiful  in  the  interior  than  on  the  coast. 

LANIID^.    SHRIKES. 

LANIUS  BOREALIS  Vieill. 

(24.)  The  Gbeat  Nobthebn  Shbiee. 

The  Northern  Shrike  is  a  very  rare  visitant  to  the  coast  of  Bering  Sea,  and  except  at  the 
mouth  of  the  Yukon  and  along  the  shores  of  Kotzebue  and  Norton  Sounds  its  occurrence  is  very 
unusual.  In  the  places  mentioned  it  must  be  classed  as  rare.  The  mouth  of  the  Yukon  is  appar- 
ently the  point  of  most  frequent  occurrence,  while  elsewhere  it  is  a  mere  straggler. 
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LANIUS  CRISTATUS. 

(25.)  The  Gbbsted  Shbike. 

As  the  last  boat  came  off  from  Wrangel  Island  aud  the  captain  began  to  prepare  for  getting 
clear  from  the  ice  that  the  strong  tide  was  bringing  abont  us  with  too  much  force  for  safety,  a 
sailor  came  up  to  me  in  a  shamefaced  manner  and  held  oat  a  dried  specimen  of  this  bird  which  he 
said  he  had  picked  up  on  the  hillside  and  wished  to  know  if  I  cared  for  it.  As  might  be  supposed 
the  mummy  was  taken  in  hand  and  is  among  the  prizes  secured  daring  the  cruise  of  the  Gorwin. 
By  the  aid  of  alcohol  it  came  safely  to  Washington,  and  Mr.  Eidgway  has  carefully  reproduced 
it  in  the  accompanying  plate.  It  has  been  represented  as  perching  upon  a  fragment  of  drift-wood 
frozen  in  the  ice,  with  the  shores  of  Wrangel  Island  in  the  distance,  the  latter  being  from  sketches 
taken  by  myself  as  we  were  leaving  that  place.  I  may  refer  to  the  fact  that  we  found  fragments 
of  drift-wood,  not  only  upon  this  island  but  in  the  water  about  it,  as  several  who  have  seen  the 
drawing  have  supposed  that  the  perch  must  necessarily  have  been  introduced  solely  by  a  flight  of 
the  artist's  imagination.  This  is  strictly  an  Asiatic  bird,  and  its  occurrence  here  upon  the  hillside 
far  above  the  tide-mark  shows  that  it  must  have  reached  here  alive,  probably  during  some  storm, 
and  died  subsequently  of  starvation  or  exposure.  Although  the  bird  was  obtained  the  I2th  of 
August,  yet  it  is  a  young  of  the  year  in  its  first  plumage,  of  which  the  following  is  a  description : 

The  crown  and  upper  part  of  the  back  is  slightly  dull  rufous  or  chestnut;  back  lighter  toward 
rump  where  it  is  grayish  and  yellowish  brown  with  dark  bars.  The  upper  tail  coverts  are  russet 
or  reddish  brown  with  dark  barring  near  the  end  and  tipped  with  grayish.  The  feathers  of  crown 
and  back  are  edged  slightly  with  grayish,  showing  the  immature  plumage.  The  wings  are  brown 
with  color  of  the  back  extending  over  the  shoulders,  but  with  the  coverts  brown,  edged  with  dull 
buffy  and  grayish  and  becoming  reddish  in  some  instances.  The  tertiaries  are  edged  broadly  with 
pale  brownish  yellow.  The  tail  is  reddish  brown,  nearly  uniform,  except  the  outer  feather,  which 
is  lighter  than  the  inner.  Belly  nearly  a  uniform  yellowish  white,  marked  on  breast  and  sides 
with  fine,  wavy,  and  irregular  bars  of  brownish  or  blackish,  giving  a  loosely  vermiculated  appear- 
ance to  the  lower  surface.  The  throat  is  immaculate  yellowish  white.  The  lores  are  grayish  white, 
shaded  with  buffy,  which  color  extends  back  as  an  imperfect  supraorbital  line,  and  the  cheeks  and 
auriculars  are  yellowish  white  or  pale  buffy,  finely  maculated  with  dark  edges  to  the  feathers. 

The  measurements  of  the  bird  are : 

Inches. 
Wing 3.40 

TaU 3.70 

Colmen .      .50 

Depth  of  biU  at  base 28 

Tarsus.- _ 98 

The  graduation  of  the  tail  is  nearly  seventy-hundredths  of  an  inch. 

HIRUNDINID^.    SWALLOWS. 

HIRUNDO  BRTTHROOASTRA  Bodd. 

(26.)  The  Babn  Swallow. 

One  of  the  most  pleasant  sights  that  meet  the  traveler's  eye  on  landing  at  Saint  Michael's  is 
the  large  number  of  common  Barn  Swallows  which  make  their  homes  about  the  buildings.  These 
birds  extend  their  range  to  the  shores  of  Bering  Sea  and  the  Arctic  Ocean.  Their  cheerful 
twittering  aud  graceful  motions  as  they  circle  and  glide  in  wayward  flight  about  the  small  collection 
of  log  houses  recall  scenes  of  a  far  different  character  than  those  which  fill  the  eye  at  this  place. 
Here  they  nest  in  deserted  native  houses  or  under  the  eaves  of  the  few  frame  or  log  houses,  and  in 
some  instances  seek  the  shelter  of  rocky  caves  and  hidden  spots  on  the  faces  of  the  cliffs,  as  was 
seen  on  the  north  shore  of  Kotzebue  Sound,  where  two  nests  were  found  placed  far  inside  of  a  deep 
cleft  extending  into  a  rocky  cliff  reaching  out  into  the  sea.  The  nests  were  in  close  proximity 
upon  a  rocky  shelf,  while  below  them  the  waves  dashed  back  and  forth,  breaking  into  spray  within 
a  few  inches  of  the  nests.  In  the  Aleutian  Islands  the  swallow  is  scarce,  and  is  said  not  to  occur 
H.  Ex.  106 9 
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west  of  Ounalaska.  At  this  latter  place  its  occurrence  is  governed  largely  by  the  character  of 
the  season;  a  pleasant  spring  brings  them  to  nest  about  the  village,  while  an  inclement  season 
prevents  a  single  one  from  making  its  appearance. 

The  Hirundo  Uruilascw  Gmelin  refers  without  question  to  this  species,  as  there  is  nothing  else 
to  which  it  can  be  referred  occurring  at  Ounalaska.  As  before  remarked,  in  some  seasons  not  a 
swallow  is  seen  at  Ounalaska,  again  they  are  common ;  but  thus  far  the  researches  in  that  region 
have  revealed  no  species  of  swallow  except  this  which  visits  this  chain  of  islands. 

TACflTCINETA  BICOLOR  (VieiU.)  Caban. 

(27.)  The  White-Bellied  Swallow. 

The  present  bird  occurs  quite  commonly  along  the  shores  of  Norton  Sound  during  moderately 
pleasant  days  the  last  of  May,  and  coincident  with  the  main  flight  of  the  Blackbrant  it  hunts  back 
and  forth  through  the  marshy  flats  and  over  the  bare  hillsides,  but  is  rarely  found  in  the  settlements. 
After  a  very  short  stay  it  leaves  for  the  wooded  country  in  the  interior,  or  on  the  lower  parts  of  the 
larger  streams  where  it  breeds.  In  August  it  is  again  seen  like  various  other  species  straggling 
along  the  coast  It  haunts  the  vicinity  of  settlements  at  this  season  and  may  be  seen  generally 
n  companionship  with  its  cousin,  the  Bam  Swallow,  for  a  day  or  two,  but  rarely  remains  until  the 
latter  starts  in  its  southern  migration.  I  And  no  record  of  either  this  or  the  preceding  extending 
its  range  to  the  Asiatic  coast,  nor  are  they  known,  to  my  knowledge,  on  any  of  the  islands  in  the 
Bering  Straits  region. 

FEINGILLID-SJ.    FINCHES. 

PINICOLA  BNUNCLBATOR  (Linn.)  VieiU. 

(28.)  Th£!  Pine  Grosbeak. 

An  extremely  rare  straggler  to  the  unwooded  shore  of  Bering  Sea.  About  the  head  of  Norton 
Sound,  however,  where  spruce  forests  reach  the  shore,  they  are  not  uncommon.  Here,  as  elsewhere, 
in  the  wooded  country  it  is  resident.  For  a  discussion  of  the  geographical  variation  of  this  bird 
I  must  refer  those  interested  to  the  more  general  work  I  am  preparing  on  the  birds  of  the  Territory 
of  Alaska,  as  lack  of  space  forbids  taking  up  the  subject  here. 

LOXLAl   CURVIROSTRA   AMERICANA  (Wile.)  Cones. 

(29.)  The  Amebioan  Crossbill. 

An  excessively  rare  species  on  the  shores  of  Bering  Sea,  I  know  of  its  occurrence  there  in 
but  a  single  instance;  this  was  a  specimen  taken  at  Saint  Michael's  in  winter  by  Mr.  Turner.  It  is 
of  excessive  rarity  in  the  Yukon  region.  The  Saint  Michael's  specimen  is  identical  with  others 
obtained  at  Sitka  and  in  the  surrounding  region,  which  appear  to  average  considerably  smaller 
than  the  birds  of  the  interior  and  eastern  portion  of  the  continent.  Its  occurrence  to  the  north  of 
the  Alaskan  Peninsula  can  be  looked  upon  as  very  exceptional. 

LOXIA   CUCOPTBRA  Ghn. 

(30.)  The  White- Winged  Crossbill. 

Although  this  species  is  seen  much  more  frequently  on  the  coast  than  the  former,  yet  it  is  also 
a  rare  bird  there  except  where,  as  about  the  head  of  Norton  Sound,  the  forest  of  the  interior 
approaches  the  coast.  In  the  interior,  however,  this  is  one  of  the  commonest  and  most  familiar 
birds,  and  is  one  of  the  few  hardy  species  which  braves  the  rigorous  winters  in  this  region.  During 
this  latter  season  they  may  be  found  moving  in  small  parties  through  the  tree-tops,  or  in  scattered 
pairs  during  the  summer  attending  to  the  duties  of  incubation  and  rearing  their  young.  Neither 
this  nor  the  preceding  species  is  known  to  occur  upon  any  of  the  islands  of  Bering  Sea  or  upon 
any  part  of  the  Siberian  shore.  This  might  be  anticipated  from  a  knowledge  of  the  unsuitable 
character  of  these  portions  of  the  region  in  question. 
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LBUCOSTICTB  QRISEINUCHA  (Brandt)  Baird. 

(31.)  The  Aleutian  R6sy  Finch. 

■ 

Along  the  entire  Aleutian  chain  of  islands,  from  Kodiak  on  the  east  to  Atkha  and  Atton  on 
the  west,  and  including  Saint  Matthew's  and  the  Seal  Islands  on  the  north,  this  beautiful  bird  is 
found  to  be  one  of  the  most  frequent  species.  The  delicately  blended  grays  and  browns,  with  the 
lovely  roseate  wash  over  nearly  all  the  body,  renders  it  the  richest  in  color  and  most  attractive 
species  found  in  this  region.  In  addition  to  being  the  northernmost  of  its  limited  number  of  con- 
geners, it  is  also  the  giant  among  its  relatives;  as  well  it  may  be  to  endure  the  harsh  climate  where  it 
has  made  its  home.  Much  to  the  writer's  regret,  although  he  made  special  effort  to  find  this  bird 
during  both  his  visits  to  Ounalaska,  a  hasty  glimpse  of  a  single  individual  flitting  along  the  rugged 
fkce  of  a  cliff  near  the  shore  in  May,  1877,  was  the  only  one  seen.  Nearly  every  other  naturalist 
who  has  visited  this  locality  has  secured  specimens  and  records  it  as  one  of  the  commonest  birds. 
Even  the  long,  harsh  winter  is  not  able  to  make  these  elegant  finches  seek  a  milder  climate,  but 
amid  the  whirling  snows  and  desolate  scenes  of  these  forbidding  islands  they  make  their  per- 
manent home.  In  summer,  among  the  long  grasses  and  other  plants,  this  bird  is  to  be  found 
rendering  pleasant  the  scenes  where  in  winter  it  alone  breaks  the  dull,  cheerless  monotony.  It  is 
totally  unknown  on  the  mainland  of  either  continent,  but  has  near  relatives  on  the  American 
shores,  and  it  appears  to  be  a  form  strictly  limited  to  this  peculiar  chain  of  islands.  Although  it 
winters  on  the  Aleutian  islands  it  is  only  known  as  a  summer  resident  to  the  north  on  the  Seal  and 
Saint  Matthew's  Islands. 

iBOIOTHTTS  CANE8CBN8  EXILIPEB  (Cones)  Rldgw. 

(32.)    The  Whitb-Eumped  Red  Poll. 

All  along  the  coast  of  Bering  Sea,  on  the  Alaskan  shore,  from  the  Peninsula  of  Alaska  north 
to  Point  Barrow,  as  well  as  upon  the  islands  in  Bering's  Strait  and  across  to  the  adjoiniog  shore 
of  Asia,  this  is  perhaps  the  most  abundant  of  all  the  land  birds.  Their  nests  ^re  placed 
indifferently  in  bushes  and  tufbs  of  grass,  or  a  hole  in  a  piece  of  drift  wood  on  the  barren  shore 
serves  as  a  building  site.  This  and  the  following  species  intergrade  in  many  instances,  so  that  it 
is  difficult  to  separate  them  accurately.  My  reasons  for  keeping  the  two  forms  separate  are  given 
in  full  in  a  complete  list  of  the  birds  of  the  territory  now  in  preparation.  Over  all  the  polar  lands 
of  America,  Europe,  and  Asia,  as  well  as  in  Greenland,  we  find  both  forms  of  this  handsome  little 
bird  giving  animation  to  many  of  the  otherwise  lonely  and  barren  spots.  In  summer  he  is  usually 
engaged  in  rearing  his  one  or  two  broods  of  dull-plumaged  young  and  preparing  them  for  the 
trying  experiences  they  will  necessarily  face  a  few  months  later,  when  the  sun  draws  his  short  bow 
across  the  southern  sky,  and  long,  frosty  nights  make  the  very  earth  crack  under  the  lowering 
temperature.  At  this  season  the  stars  seem  each  to  hang  from  the  firmament  by  an  invisible  cord 
and  twinkle  clear  and  bright  overhead.  The  sharp,  querulous  yelp  of  the  white  fox  alone  breaks 
the  intense  stillness.  A  white,  frosty  fog  hangs  in  the  air — the  chilled  breath  of  nature — which 
falls  silently  to  the  ground  in  the  lovely  crystal  handiwork  of  northern  genii.  In  the  north  a  pale 
auroral  arch  moves  its  mysterious  banners  and  the  rounding  bosom  of  the  earth,  silent  and  chill 
under  its  white  mantle,  looks  dreary  and  sad.  After  such  a  night  the  sun  seems  to  creep 
reluctantly  above  the  horizon,  as  though  loath  to  fskce  the  bitter  cold.  The  smoke  rises  slowly  and 
heavily  in  the  fixed  atmosphere,  and  warm  rooms  are  doubly  appreciated.  Soon  small  troops  of 
these  little  red  polls  come  silently  about  the  houses,  their  feathers  puffed  out  and  looking  gloomy 
enough  as  they  search  silently  among  the  dead  weeds  for  food.  An  hour  or  two  later  they  catch 
the  fuller  rays  of  the  sun  and  become  more  cheerful  and  flit  busily  about,  though  they  are  far  from 
showing  the  character  which  becomes  them  so  well  and  which  later  in  the  season  they  reveal  under 
the  brightening  rays  of  the  sun  in  early  spring-time,  towards  the  last  of  March  and  first  of  April. 
Then  indeed  we  learn  the  true  worth  of  our  happy  companions.  They  come  flitting  about  the 
houses  on  all  sides,  examining  the  bare  spots  on  the  ground,  searching  the  old  weeds  and  fences, 
clinging  to  the  eaves,  and  even  coming  to  the  window  sills,  whence  they  peer  saucily  in,  making 
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themselves  continually  at  home  and  reoeiving  a  hearty  welcome  for  their  cheering  presence.  The 
breast  is  now  a  beautifal  peach  blossom  pink  and  the  crown  shining  scarlet.  How  this  bird  came 
to  bear  these  beautifnl  colors  is  told  in  one  of  the  Indian  myths  which  is  deemed  of  sufficient 
interest  to  relate;  and,  after  the  manner  of  the  tales  of  our  childhood,  it  begins  thus: 

Very  long  ago  the  whole  of  mankind  were  living  in  cheerless  obscurity.  Endless  night  hid 
the  face  of  the  world,  and  men  were  without  the  power  of  makiug  a  fire,  as  all  the  fire  of  the  world 
was  in  the  possession  of  a  ferocious  bear  living  in  a  far-off  country  to  the  north.  This  bear 
guarded  his  charge  with  unceasing  vigilance,  and  so  frightful  was  his  appearance  that  no  man 
dared  attempt  to  obtain  any  of  the  precious  substance.  While  the  poor  Indians  were  sorrowing 
over  their  misfortunes,  the  Red  Poll,  which  at  that  time  was  a  plain  little  wood-sparrow,  dressed 
in  ordinary  dull  brown,  heard  their  plaint — for  in  those  days  men  and  beasts  understood  one 
another — ^and  his  heart  was  touched.  He  prepared  himself  for  a  long  journey  and  set  out  toward 
the  lodge  of  the  cruel  bear.  After  many  adventures  on  the  long  road  which  he  traversed  between 
his  starting-point  and  the  object  of  his  journey,  he  at  length  reached  the  place  and  by  a  successful 
ruse  stole  a  living  ember  from  the  perpetual  fire  which  glowed  close  under  the  breast  of  the  savage 
guardian  and  flew  away  with  it  in  his  beak.  The  glow  of  the  coal  was  reflected  from  his  breast 
and  crown,  while  his  forehead  became  slightly  burned.  Far  away  he  flew  and  finally  arrived 
safely  at  the  home  of  mankind  and  was  received  with  great  rejoicing.  He  gave  the  fire  to  the 
thankful  people  and  told  them  to  guard  it  well ;  and  as  he  did  so  they  noticed  the  rich  glow  on 
his  breast  and  brow,  and  said,  ^^Kind  bird,  wear  forever  that  beautiful  mark  as  a  memento  of  what 
yon  have  done  for  us;^  and  to  this  day  the  Red  Poll  wears  this  badge  in  proof  of  the  legend,  as  all 
may  see,  and  mankind  has  ever  since  had  fire. 

jBOIOTHUS  LIN  ARIA  (Linn.)  Caban.  % 

(33.)  The  Cobcmon  Red  Poll. 

This,  like  the  preceding  bird,  is  found  along  the  entire  shore  line  of  Bering  Sea,  with  the  excep- 
tion of  the  Seal  Islands  and  a  portion  of  the  Aleutian  chain.  It  breeds  in  abundance  wherever  found, 
but  is  especially  numerous  along  the  shore  from  Norton  to  Kotzebue  Sound;  and  wherever  we 
landed  from  the  Corwin,  like  the  preceding,  this  bird  was  also  found.  The  former,  however,  appears 
to  be  the  predominating  form,  but  the  two  occupy  the  same  breeding  range  in  this  portion  of  their 
habitat,  thus  undoubtedly  arguing  for  the  distinctness  of  the  two  species.  We  found  it  with  the 
preceding  at  East  Cape,  Siberia,  Point  Barrow,  and  at  nearly  every  place  where  we  landed.  In 
winter  they  band  together  in  flocks  and  seek  the  sheltered  woodlands  toward  the  interior,  where  in 
bushy  ravines  and  on  sheltered  hillsides  they  are  found  on  every  hand.  During  mild  weather 
they  make  excursions  to  the  coast  and  more  exposed  portions  of  the  country,  ready  to  disappear 
at  the  approaeh  of  an  unfavorable  change.  Some  of  them,  like  the  preceding,  remain  to  winter 
along  the  sea-coast,  but  only  a  smal^  proportion  of  the  number  which  is  found  in  summer.  Many 
doubtless  migrate  to  more  southern  localities,  as  they  are  nowhere  found  so  abundant  at  this  season 
as  during  summer.  Although  not  mentioned  by  Nordenskiold  as  occurring  at  his  winter  quarters, 
yet  this  bird  is  known  to  exist  throughout  the  range  of  the  entire  circumpolar  mainlands  of  both 
continents  and  many  of  the  adjacent  islands,  rendering  it  certain  that  it  is  found  in  that  portion  of 
Siberia  as  well  as  elsewhere.  On  Herald  and  Wrangel  Islands  none  of  them  were  seen,  owing 
doubtless  to  the  scanty  vegetation  on  these  barren  islands  not  affording  requisite  shelter  and 
hospitality  to  tempt  them  to  cross  the  icy  sea  and  remain  on  these  forbidding  shores. 

PLBCTROPHANB8  NIVALIS  (Linn.)  Myer. 

(34.)  The  Snow  Bunting. 

In  the  north,  the  range  and  abundance  of  this  species  in  summer  is  to  a  great  extent  comple- 
mentary to  that  of  the  succeeding  specie^).  Along  the  more  rugged  parts  of  the  coast,  on  rocky 
and  barren  islands  and  the  bare  and  desolate  shores  of  the  Arctic  Ocean,  wherever  explorers  have 
gone  they  have  found  these  birds  before  them.    The  desolate  hill-tops  of  Saint  Lawrence  Island, 
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the  bare  weather-worn  sides  of  the  mountains  sorrounding  Plover  Bay  and  East  Cape,  Siberia; 
the  rocky  wind-swept  islands  in  Bering  Strait,  as  well  as  the  lonely  shores  of  Herald  and  Wrangel 
Islands,  and  the  shingle-strewn  beaches  along  the  north  coast  of  Asia  and  Alaska  all  appear 
to  be  chosen  as  the  favorite  summer  homes  of  this  bird.  When  we  landed  at  any  of  these  places 
we  were  certain  to  be  greeted  by  the  clear,  sharp  note  of  the  Snow  Bunting,  which  would  be 
deen  running  busily  a*)out  searching  for  food  or  wheeling  about  from  place  to  place,  its  sharply 
contrasted  black  and  white  plamage  qaickly  attracting  the  eye  and  usually  the  first  sign  of  life. 
On  the  mountain  sides  at  Plover  Bay  its  mellow  note  was  heard  on  June  26,  uttering  the  long,  clear, 
and  rather  hard  song,  full  of  a  wild  and  exhilarating  melody  fitted  to  the  surroundings.  This  song, 
consists  of  four  or  five  clear  whistling  notes,  shorter  than  the  song  of  the  Long  Spur,  and  uttered 
from  a  rocky  point  or  the  top  of  some  jutting  ledge.  At  Saint  Lawrence  Island,  on  June  24,  we 
found  them  common  and  nesting,  and  some  native  children  showed  us  a  nest  about  100  yards  back 
of  their  huts.  This  nest  contained  one  eggj  which  was  obtained,  with  the  female.  After  the  latter 
was  shot  the  male  kept  flying  about  our  heads,  or  from  rock  to  rock  close  by,  and  continually 
uttering  a  loud  p-cher,  p-cher,  p-cher,  p-cher,  in  such  a  plaintive  tone  that  I  was  glad  when  we 
were  out  of  ear-shot.  As  long  as  we  remained  in  the  vicinity  this  bird  followed  us  from  place  to 
place,  hovering  about,  not  taking  the  slighest  notice  of  his  rifled  nest  after  the  female  was  shot. 
He  showed  by  his  actions  that  he  was  fully  aware  of  our  having  his  mate  in  our  possession. 
I  do  not  remember  ever  having  seen  a  bird  show  such  affectionate  solicitude  for  his  mate  as  was 
exhibited  on  this  occasion. 

As  we  landed  upon  the  shore  of  Wrangel  Island,  on  August  12,  were  found  a  pair  of  these  birds, 
with  their  fhll-grown  young,  upon  the  beach,  and  a  number  of  others  we  found  nesting  upon  Herald 
Island.  This  bird  arrived  at  Tapkan  on  April  23, 1879,  according  to  Nordenskiold,  and  it  is  known 
to  breed  commonly  on  Spitzbergen  and  Nova  Zembla,  as  well  as  throughout  the  Aleutian  Islands 
and  wherever  the  Arctic  coasts  to  the  north  of  Continental  America  have  been  visited. 


CBNTROPHANB8  LAPPONICUS  (Linn.)  Caban. 

(35.)  The  Lapland  Long  Spub. 

One  of  the  most  numerous  among  the  summer  residents  of  the  Alaskan  mainland,  but  occurs 
more  sparingly  on  the  a^^acent  islands  and  along  the  shores  of  Asia.  This  bird  generally 
frequents  portions  of  the  coast  least  sought  by  the  preceding.  Its  northern  range  appears 
to  be  limited,  and  we  do  not  find  it  either  on  Wrangel  or  Herald  Island,  although  on  the 
mainland  of  Alaska  it  extends  to  Point  Barrow,  where  full-grown  young  were  seen  in  August.  It 
is  much  more  numerous  on  the  Alaskan  shore  than  on  the  adjoining  Asiatic  coast.  It  breeds 
commonly  upon  Saint  Lawrence  Island,  but  is  uncommon  at  Plover  Bay,  on  the  Asiatic  shore,  only 
about  ninety  miles  distant.  There  are  fiats  and  other  places  there  which  appear  suitable  as  local 
habitations,  yet  the  birds  were  not  found. 

The  Long  Spur  occurs  in  the  greatest  numbers  on  the  grassy  and  moss-covered  stretches  of 
level  or  rolling  tundra  along  the  American  coast.  It  was  found  sparingly  along  the  north 
shore  of  Asia,  where  grassy  flats  afford  suitable  retreats ;  but  everywhere  along  the  American 
coast  the  bird  appears  to  be  a  very  common  summer  resident,  and  most  plentiful  where  the  full 
harshness  of  the  arctic  summer  was  not  felt.  Along  the  shores  of  Norton  and  Kotzebue  Sounds, 
where  the  seasons  are  comparatively  mild,  it  is  found  in  greatest  abundance.  Thousands 
of  the  birds  appear  on  every  hand  as  one  strolls  about  during  the  breeding  season,  and  in 
early  spring,  at  the  commencement  of  mating,  the  air  is  filled  with  music.  During  the 
winter  the  Long  Spur  is  not  found  in  the  country  north  of  the  Aleutian  Islands,  in  which 
latter  region,  however,  the  bird  is  a  permanent  resident.  Although  the  Long  Spur  apparently 
fiftvors  a  milder  or  subarctic  portion  of  the  continent,  it  ranges  far  to  the  north,  as  is  shown  by 
bdng  found  nesting  upon  Spitzbergen,  southern  i.ortions  of  Nova  Zembla,  and  other  far  northern 
lands.  Its  southern  breeding  range  in  Alaska  appears  to  be  along  the  Aleutian  chain,  where  it 
has  been  found  raising  its  young,  by  Mr.  Dall  and  others. 
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PASSBRCULUS  SAND'WICHENSIS  (Omel.)  Baird. 

(36.)  The  Sandwich  Sound  Sparrow. 

On  the  Aleutian  Islands  this  is  a  common  summer  resident,  and  thence  east  and  south  along 
the  Alaskan  shore  it  is  also  common.  It  has  not  been  recorded  from  the  Seal  Islands,  hence  its 
northern  range  appears  to  be  limited  to  this  chain  of  islands  and  the  adjoining  coast  as  given. 
During  the  migrations  it  is  found  along  the  coast  as  far  south  as  Oregon  and  Washington  Terri- 
tories, but  its  breeding  limit  in  this  region  is  still  unknown.  Throughout  the  northern  part  of  its 
range  it  is  known  to  breed,  and  we  found  it  as  late  as  October,  1881,  at  Ounalaska,  and  it  arrived 
at  this  place  the  first  of  May,  1877.  Some  probably  remain  the  entire  winter,  but  the  majority 
pass  farther  south.  Its  habits  are  like  those  of  its  congeners,  keeping  to  the  grassy  fiats  and  the 
shore  close  along  the  water's  edge,  whore  a  portion  of  its  food  is  gleaned.  This  also  is  one  of  the 
several  cases  in  which  the  Aleutian  Islands  and  adjoining  region  furnish  a  stouter,  longer  billed 
bird  than  is  found  in  the  closely  allied  forms  of  the  mainland.  Among  these  may  be  named 
Melospiza  cinerea^  Leucosticte  grisienuchaj  and  the  Eodiak  Aegiothii  and  Pinicola,  in  addition  to  the 
case  in  hand,  as  showing  some  of  the  most  striking  instances  of  this  peculiarity. 

PASSBRCULUS  SAND'WICHBNSIS  ALANDINUS  (Bp.)  Ridgw. 

(37.)  The  Western  Savanna  Sparrow. 

All  along  the  coast  of  Bering  Sea,  at  least  to  Point  Hope  and  probably  to  Point  Barrow,  this 
is  a  common  bird,  especially  along  the  coast  between  the  Alaskan  Peninsula  and  Kotzebue  Sound. 
Wherever  the  open  moist  stretches  of  comparatively  level  country  afiford  suitable  haunts,  it  is 
found  in  large  numbers.  Although  anthinus  has  been  recorded  Arom  Saint  Michael's  and  the 
Yukon  region,  it  is  owing  to  an  erroneous  identification,  as  is  shown  by  an  examination  of  the 
specimens  upon  which  this  claim  was  based,  all  of  which  are  referable  to  Alandintis.  Anthinus  is 
strictly  limited  to  the  coast  of  California  and  is  unknown  to  the  north  of  this  region.  On  the 
contrary  alandinus  breeds  far  to  the  north,  extending  its  breeding  range  inside  the  Arctic  Circle, 
and  its  southern  range  in  summer  does  not  appear  to  encroach  on  that  of  anthinus.  In  winter, 
however,  it  is  found  passing  south  and  mingling  with  its  relatives  in  the  coast  region  of  California. 

ZONOTRICHIA  OAMBBLI  INTBRMBDIA  Ridgw. 

(38.)  The  Intermediate  White- obowned  Sparrow. 

Along  the  Alaskan  Coast,  north  of  the  Aliaskan  Peninsula  to  Kotzebue  Sound,  the  White- 
crowned  Sparrow  is  a  rather  common  summer  visitor  and  nests  in  many  places.  It  U  one  of  the 
most  musical  birds  that  reaches  these  high  latitudes  along  the  coast.  With  the  opening  spring 
and  appearance  of  the  first  flowers  comes  this  handsome  songster,  whose  charming  notes  and 
familiar  presence  about  the  bouses  render  it  an  agreeable  accompaniment  of  spring.'  The  last 
of  May,  it  appears  in  the  vicinity  of  Saint  MichaePs,  and,  taking  the  wood  pile  or  some  other 
convenient  spot  for  its  stage,  sings  at  intervals  during  the  entire  day.  Pleasant  frosty  mornings 
particularly  are  enlivened  by  the  notes  of  this  bird,  and  I  recall  with  pleasure  the  feeling  of 
exhilaration  always  produced  by  its  song  which  seemed  to  form  a  part  of  the  clear,  fresh,  frosty 
atmosphere  and  the  brightening  face  of  nature.  For  a  week  or  so  after  the  bird's  arrival  its 
fomiliar  presence  is  joyfully  proclaimed  by  notes  from  the  places  mentioned,  after  which  it 
quits  the  vicinity  of  man  for  the  sheltering  thickets  on  the  hillside,  where  it  performs  the  duties 
of  the  season.  A  few  weeks  later,  during  the  last  of  July  or  the  first  of  August,  it  is  ready 
to  come  about  the  houses  again,  a  memory  oi  tbe  good  things  found  there  early  in  the  season 
serving  to  draw  the  bird  from  all  sides.  The  weed  patches  and  grassy  knolls  in  the  vicinity  of  the 
Fort  or  the  native  village  are  filled  with  these  birds,  and  with  their  young  they  wax  fat  and  saucy 
upon  the  fare  before  them.  The  young  frequently  come  into  the  court  yard  and  make  themselves 
thoroughly  at  home ;  and,  if  the  truth  be  told,  now  and  then  one  falls  a  victim  to  misplaced  confi- 
dence, and,  in  the  shape  of  a  dried  mummy,  travels  to  distant  parts  of  the  world,  where,  among  a 
host  of  his  ilk,  he  reposes  as  a  specimen.    In  autumn  old  and  young  alike  have  but  the  ordinary 
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cbirp  common  to  a  host  of  their  kind  at  this  season,  and  they  carry  with  them  bat  little  of  the 
interest  attending  their  spring  advent.  In  the  lower  Mackenzie  River  region  and  to  the  east  these 
are  abundant  birds,  and  are  said  to  render  the  twilight  hours  of  night  during  the  short  summer 
melodious  with  their  songs.  Richanlsou  often  complained  of  their  disturbing  his  rest  by  their 
persistent  singing  while  he  was  journeying  down  this  river.  On  the  Aleutian  and  other  islands  of 
Bering  Sea  and  the  Asiatic  Coast  this  is  an  unknown  bird.  It  is  the  only  form  of  white-crowned 
sparrow  found  in  the  territory  of  Alaska  and  throughout  the  North.  The  common  bird  of  the 
Eastern  United  States  does  not  reach  these  high  latitudes. 

ZONOTRICHIA  CORONATA  (PaU.)  Baird. 

(39.)  The  Golden-crowned  Sparrow. 

A  rather  rare  summer  visitant  on  the  shores  of  Norton  Sound,  where  it  breeds.  Its  favorite 
haunts  are  the  same  as  those  of  the  preceding  species.  In  the  fall  young  and  old  consort  with 
intermedia  again  on  the  feeding  ground  about  the  houses.  Upon  the  Aleutian  and  other  islands 
in  Bering  Sea  this  bird  is  unknown,  nor  have  I  any  record  of  it  along  the  coast  north  of  Norton 
Sound. 

8PIZBLLA  MONTANA  (Forst.)  Ridgw. 

(40.)  The  Tree  Sparrow. 

This  is  perhaps  the  commonest  species  of  Sparrow  frequenting  the  bushes  along  the  Northern 
Alaskan  Coast.  It  arrives  early  in  May,  or  even  the  last  days  of  April,  upon  the  shores  of 
Norton  Sound,  and,  like  the  Wbite-crowued  Sparrow,  announces  its  presence  by  first  appearing 
about  human  habitations.  At  this  time  it  especially  favors  such  weed  patches  as  have  withstood 
the  storms  of  winter;  the  convenient  shelter  thus  formed  making  a  favorite  gathering  place, 
where  the  lisping  chirp  of  the  Tree  Sparrow  can  be  heard  at  all  times,  and  from  which  they  make 
excursions  to  the  garden  spot  by  the  kitchen  oni|ptte  into  the  yard.  They  are  always  timorous, 
however,  and  ready  to  dive  into  the  fastnesses  of  their  larking  place  at  the  first  alarm.  Before 
the  snow  has  left  the  thickets  where  they  make  their  nests,  they  have  taken  possession  as  if  in 
anxiety  to  commence  their  housekeeping.  In  the  course  of  time  the  snow  disappears;  the  sturdy 
alders  begin  to  open  their  buds  and  take  on  a  shade  of  green,  while  about  their  roots  busy  family 
groups  are  at  work  upon  the  soft  grassy  nest,  which  soon  contains  their  pretty  complement  o 
eggs.  All  goes  well,  unless  some  wandering  naturalist  breaks  rudely  in  upon  the  happy  pair  and 
leaves  a  scene  of  ruin  behind. 

Early  in  July  the  parents  have  a  brood  of  full-grown  young,  which  they  straightway  introduce 
to  the  vicinity  of  the  houses,  where  we  soon  find  them  in  full  possession  of  the  outworks  of  the 
Fort  and  ready  to  join  in  friendly  companionship  with  the  White-crowns  and  young  Lapland- 
Long  Spurs.  The  motley  crew  associate  in  the  most  congenial  way  during  this  season  of  plenty, 
and  a  plebeian  crew  they  make,  all  clad  in  dingy  browns  and  dull  buffy  grays,  each  apparently 
without  an  object  in  life  but  to  gorge  himself  on  the  abundance  of  food  which  the  plants  begin  to 
shower  down.  Ere  long,  however,  the  cold  storms  of  autumn  announce  the  approach  of  winter 
and  send  many  of  the  more  sensitive  off  to  a  milder  climate.  September  passes,  the  fVosts  and 
cold  are  more  severe,  and  as  this  month  ends  and  October  begins  the  last  of  the  gormands  pftss 
on  to  a  sunnier  clime. 

This  species  breeds  on  the  shores  of  Kotzebue  Sound,  as  far  north  as  bushes  are  found.  I 
have  no  record  of  its  occurrence  on  the  adjac'ent  Siberian  shore,  although  It  is  undoubtedly  found 
on  the  Chukchi  Peninsula.  It  can  scarcely  be  expected  to  occur  upon  any  of  the  islands  in 
Bering  Sea  from  their  bleak  and  unsuitable  character. 

JUNCO  HTBMALIS  (Linn.)  Sol. 

(41.)  The  Black  Snow  Bibd. 

This  is  perhaps  the  most  uncommon  sparrow  found  upon  the  American  shore  of  Bering  Sea, 
and  can  be  noted  merely  as  a  straggler  from  the  interior  of  pretty  regular  occurrence  in  spring. 
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It  is  rarely  seen  more  than  two  or  three  times  daring  the  season  at  Saint  MichaeFs,  although  at  the 
Tnkon  month  it  is  rather  more  common.  It  breeds  at  this  latter  location  in  small  numbers,  and 
is  also  found  sparingly  in  the  vicinity  of  Kotzebue  Sound  and  Norton  Bay,  as  specimens  brought 
me  from  those  localities  by  natives  indicate.  It  is  unknown  from  the  Asiatic  Shore  to  the 
islands  of  Bering  Sea. 

MBLOSPIZA  CINBRBA  (Om.)  Ridgw. 

(42.)  The  Aleutian  Song  Sparrow. 

Among  the  sevenil  peculiar  birds  found  on  the  Aleutian  Chain  this  is  one  of  the  most 
remarkable.  It  forms  the  giant  among  its  kin,  and  would  scarcely  be  connected  with  its  eastern 
relative  by  one  not  familiar  with  the  links  in  the  chain  which  unite  them.  It  extends  its  range 
from  the  westernmost  of  the  Aleutians  east  to  Eodiak  Island.  It  has  been  described  under  various 
names  by  the  older  naturalists,  who  secured  it  during  the  Bussian  occupation  of  the  territory ; 
but,  as  in  many  other  instances,  the  most  of  our  knowledge  of  its  life  history  and  distribution  is 
mainly  the  result  of  work  done  since  the  country  changed  owners. 

During  a  brief  residence  at  Ounalaska,  in  the  Aleutian  Islands,  in  May,  1877, 1  became  somewhat 
familiar  with  the  habits  of  this  bird  at  that  season,  and  during  the  stay  of  the  Corwin  at  the  same 
place,  in  the  fall  of  1881, 1  was  pleased  to  renew  the  acquaintanceship  at  another  season.  They 
were  common  in  both  seasons,  and  frequented  in  autumn,  as  in  spring,  the  vicinity  of  the  shore, 
with  a  preference  for  jutting  craggy  points,  where  great  masses  of  rock  lie  at  the  water's  edge  or 
the  rugged  slope  of  the  cliff  reaches  out  into  the  bay.  It  is  the  habit  of  this  bird  to  hop  from  rock 
to  rock  and  scramble  about  along  their  inclined  faces  searching  for  their  food  close  to  the  water's 
edge,  where  it  feasts  on  the  small  marine  animals  stranded  by  the  falling  water  or  living  there 
between  the  tide-lines.  The  male  frequently  mounts  to  the  top  of  some  convenient  point  and 
utters  his  short,  rather  hanl,  but  pleasant  song.  This  song  consists  of  several  loud,  hard  notes, 
the  first  two  the  clearest  and  most  musical,  the  others  rather  harsh.  As  might  be  expected  from 
the  size  of  the  bird,  the  song  is  stronger  and  hiader  than  that  of  its  eastern  relative,  the  familiar 
song  sparrow.  During  the  entire  time  of  our  stay  at  Ounalaska,  in  September  and  October,  L881, 
the  males  showed  their  appreciation  every  pleasant  day  by  passing  a  considerable  portion  of  their 
time  upon  the  roof  of  the  warehouse  at  the  wharf  or  other  conspicuous  position  elsewhere,  uttering 
their  song  at  short  intervals.  This  warehouse  stood  beside  the  wharf  to  which  we  were  moored, 
and  the  passing  to  and  fro  of  the  men  handling  cargo  or  attending  to  other  duty  made  a  scene  of 
bustling  activity.  In  spite  of  this  the  bird  was  sure  to  be  found  whenever  the  weather  favored. 
At  other  times  he  could  be  found,  with  one  or  two  companions,  searching  the  sandy  beach  close  by 
for  food. 

PA8SBRBLLA  lUACA  (Merrem)  Om. 

(43.)  The  Fox-Colored  Sparrow. 

Common  in  summer  along  the  coast  of  Norton  Sound,  and  extends  its  range  north  to  the  shores 
of  Kotzebue  Sound.  Its  loud,  clear  song  rises  from  every  patch  of  alders  of  any  size  along  this 
stretch  of  coast,  and  the  birds  upon  their  first  arrival,  about  the  last  of  May,  come  boldly  about 
the  dwellings,  uttering  their  loud,  clear  song  from  the  roofs  of  the  outhouses  and  other  convenient 
stand-points.  At  the  Yukon  mouth  it  is  very  common,  and  I  found  its  song  one  of  the  most  musical 
and  striking  among  the  very  scanty  feathered  choir  which  announces  the  advent  of  summer  at  that 
remote  place.  It  is  unknown  from  any  of  the  islands  in  Bering's  Sea,  as  well  as  from  the  Asiatic 
shore.  Its  range  extends  within  the  interior  of  the  Arctic  Circle,  although  the  lack  of  bushes  along 
the  coast  limits  its  occurrence  except  on  the  shores  of  the  two  sounds  named. 

PA88BRBLLA  ILIACA  (Om.)  Ridgw. 

(44.)  TowNSEND^  Sparrow. 

This  species  is  admitted  here  solely  by  reason  of  the  identification  of  Omelin's  Eniberezia  a 
oanalascensia  tis  this  bird.  One  thing  is  certain,  and  that  is  that  since  Omelin's  type  no  specimen 
of  this  bird  has  been  secured  at  Ounalaska,  although  numerous  nutui*alists  have  visited  that  locality 
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They  are  generally  found  about  the  mouths  of  streams,  whose  bushy  borders  afford  them  the  sheltered 
highway  which  their  skulking  instinct  leads  them  to  favor.  The  only  specimen  I  ever  saw  close 
to  salt  water  was  on  the  shore  of  Bering  Sea,  at  Gape  Komanzoff.  We  had  camped  at  this  cape  the 
night  before  and  were  just  leaving  it  as  a  heavy  sea  began  to  run.  Pushing  off,  we  had  gained  a 
few  yards  from  shore  when  an  odd  note  caused  us  to  look  back,  and  there,  perched  on  a  small  bush, 
close  by  the  remains  of  our  camp  fire,  stood  one  of  these  birds  uttering  his  ludicrous  cries,  as  if 
making  sport  of  us  for  not  finding  him  earlier.  The  waves  rendered  the  landing  so  dangerous  that 
we  were  obliged  to  leave  the  bird  in  possession,  and  whenever  I  recall  the  scene  at  this  camp  the 
foreground  in  the  mental  picture  is  occupied  by  the  serio-comic  attitude  of  this  bird  as  he  flirted 
his  tail  and  mocked  qs  from  his  safe  vantage-ground. 

ALANDID^.    SKYLARKS. 
EREMOPHILA  ALPBSTRIS  LUCOL^IMA  Cones. 

(49.)  The  White-Thboated  Shobb  Labk. 

This  bird  occurs  very  rarely  on  the  coast  of  Bering  Sea.  I  secured  a  single  specimen  at  Saint 
Michael's — the  first  of  May — and  one  or  two  others  have  been  taken  in  that  vicinity,  besides  which 
I  have  no  record  of  its  occurrence  anywhere  within  the  region  under  discussion.  The  numerous 
visits  made  by  ornithologists  to  these  shores,  during  the  last  few  years,  and  the  scarcity  of  this 
bird  in  their  collections  prove  it  to  be  a  great  rarity  in  this  region,  both  on  the  American  and 
Siberian  shores.  Farther  to  the  eastward,  in  the  interior,  the  bird  is  more  common,  but  is  still 
rare,  until  the  farther  interior  of  the  continent  is  reached.  All  the  Alaskan  specimens  examined 
are  referable  to  the  name  heading  this  article,  and  it  is  presumable  that  shore  larks  from 
Northeastern  Siberia  would  be  referable  to  the  same.  It  is  not  known  to  occur  on  the  Aleutian 
or  any  of  the  other  islands  in  Bering  Sea.  It  has  been  found  nesting  as  far  north  of  the  old  world 
as  Nova  Zembla  and  Spitzbergen ;  but  it  was  not  seen  by  us  on  the  shores  of  Wrangel  or  Herald 
Islands  nor  on  the  adjacent  Siberian  coast. 

TYRANNID^.    FLYCATCHERS. 

EMPIDONAX  PUSILLUS  (Swains.)  Bd. 

(60.)  The  Little  Flyoatcheb. 

Two  specimens  of  this  bird,  obtained  by  me  at  Saint  Michael's  in  the  spring,  are  the  only 
ones  found  on  the  shore  of  Bering  Sea.    They  add  very  considerably  to  the  bird's  known  range. 

PICID^.    WOODPECKERS. 

PICUS  PUBESCENS  Linn. 

(61.)  The  Dovitny  Woodpecker. 

The  Downy  Woodpecker,  a  common  species  in  the  interior  of  Alaska,  makes  frequent 
visits  to  the  sea-shore  in  the  north,  especially  during  the  spring  and  fall.  It  is  then  found  about 
the  alder  patches,  and  rarely  visits  the  houses.  I  obtained  a  number  of  specimens  from  the 
flagstaff  and  sides  of  the  storehouse  at  Saint  Michael's,  during  my  residence  there.  It  is  more 
numerous  at  the  mouths  of  the  larger  rivers,  as  the  Yukon  and  Kuskoquim.  Here  the  close 
approach  of  the  wooded  interior  to  the  coast  renders  its  presence  common,  and  it  even  nests  close 
to  the  sea-coast  in  the  bushes  on  the  lower  Yukon.  It  is  not  known  from  any  island  of  Bering 
Sea  nor  from  the  Siberian  coast,  but  is  found  in  the  alders  about  Kotzebue  Sound  at  times. 

COLAPTES  AURATUS  (Linn.)  Sw. 

(521)  The  Yellow-Shafted  Flicker. 

This  is  a  still  more  uncommon  bird  on  the  shore  of  Bering  Sea.  It  approaches  the  coast  about 
the  head  of  Korton  Sound,  and  in  rare  instances  on  Kotzebue  Sound.    During  the  winter  of  1878, 
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I  obtained  a  skin  from  a  native  on  the  coast  near  Bering  Straits^  and  was  informed  that  the  bird 
occurred  there  rarely  in  summer,  and  that  it  nested  regularly  among  the  scattered  forests  a  short 
distance  in  the  interior.    It  is  unknown  elsewhere  in  the  region  under  discussion. 

i# 
ALCBDINID^.     KINGFISHERS. 

CERTLE  ALC70N  (Linn.)  Boie. 

(53.)  The  Belted  E^iNaFiSHER. 

Although  a  not  uncommon  resident  in  the  interior,  along  the  numerous  water  courses,  this 
bird  is  extremely  rare  on  the  sea-coast  A  single  specimen  was  brought  in  by  a  native  from  the 
shore  near  the  mouth  of  a  small  river  to  the  north  of  Saint  Michael's,  and  I  heard  of  its  capture  at 
one  or  two  other  places  on  the  shore  of  Norton  Sound.  Elsewhere  I  do  not  know  of  its  occurence^ 
although  it  is  likely  to  be  found  about  Bristol  Bay  and  perhaps  the  shores  of  Kotzebue  Sound, 
where  several  fresh-water  streams  occur. 

STRIGID^.     OWLS. 
ABIO  ACCIPITRINUS  (PaU.)  Newton. 

(54.)  The  Shobt-eabed  Owl. 

Along  the  entire  Aleutian  chain  and  thence  north  along  the  mainland  of  Alaska  to  Point  Bar- 
row this  bird  is  found.  As  a  summer  resident  on  the  Aleutian  Islands,  Dall  found  it  rather  com- 
mon  and  found  it  nesting  in  burrows  on  the  hillsides.  In  May,  1877,  I  found  a  pair  of  short-eared 
owls  near  Unalaska  frequenting  the  hillsides  and  becoming  very  active  after  sunset.  Several  times 
while  hunting,  at  this  time  of  day,  I  disturbed  the  birds  and  found  them  extremely  shy,  so  much  so 
that  they  would  take  flight  a  hundred  yards  or  more  in  advance,  uttering  at  the  same  time  a  loud 
rolling  cry.  During  the  several  years  succeeding  this  I  fo^nd  they  arrived  the  last  of  May  or  first 
of  June  along  the  coast  of  Alaska  to  the  north,  where  they  are  summer  residents  and  at  times 
quite  numerous.  There  is  no  record  of  the  bird  from  the  islands  in  Bering  Sea,  with  the  exception 
of  the  Aleutian  chain,  though  its  well  known  wandering  habits  undoubtedly  take  it  to  them  at 
times.  Neither  is  it  recorded  from  the  adjacent  coast  of  Siberia,  but  its  range  extends  through 
this  region.    On  the  Alaskan  coast  of  the  Arctic  it  is  found  nearly  if  not  quite  to  Point  Barrow. 

ULUIiA  CINEREA  (amel.)  Bp. 

(65.)  The  Great  Gray  Owl. 

This  fine  Owl  can  be  reckoned  as  a  very  rare  visitant  to  the  shores  of  Bering  Sea,  its  prefer- 
ence for  wooded  couotry  limiting  its  range  to  those  parts  of  the  interior  where  spruce  and  other 
trees  afford  it  congenial  shelter.  Stray  individuals  occur  at  times  along  the  shores  of  Norton 
Sound,  where  the  near  approach  of  the  forests  to  the  sea  along  the  banks  of  the  various  streams 
flowing  into  the  sound  afford  it  a  convenient  highway.  As  might  be  inferred  from  the  lack  of 
timber,  it  is  a  totally  unknown  species  on  all  the  islands  of  Bering  Sea,  and  I  do  not  think  it  is 
found  on  the  opposite  Siberian  coast,  unless  by  accident,  as  the  following  species  vists  the  Alaskan 
shore. 

ULULA  CINEREA  LAPPONICA  (Rets.)  Ridgw. 

(56.)  The  Lapland  Owl. 

But.a  single  instance  is  known  of  this  bird's  occurrence  in  the  region  covered  by  this  paper 
and  the  only  American  record  as  well.  This  record  rests  upon  a  specimen  secured  some  years 
since  by  L.  M.  Turner  at  Saint  Michael's,  Norton  Sound.  It  is  a  well-known  species  in  the  wooded 
parts  of  North  Burope  and  Siberia  and  only  occurs  on  the  bare,  forbidding  coast  country  as  a 
stray  wanderer. 
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NTCTALS  TBGlf  ALMI. 

(57.)  Tegmalm's  Owl. 

This  old-world  form  of  the  Northern  Sparrow  Owl  claims  admittance  to  the  North  American 
fanna  by  the  capture  of  a  single  individaal  near  Saint  MiohaePA,  Alaska,  by  Mr.  L.  M.  Turner, 
beyond  which  there  is  no  other  record  of  it  on  our  shores.  It  is  found  throughout  Northern 
Siberia  wherever  woodland  occurs,  and  like  the  Lapland  Owl  reaches  the  open  coast  by  merest 
chance,  its  preference  being  for  the  sheltering  forests  of  the  interior. 

NCTTALB  TEOMALMI  RICHARDSONI  (Bp.)  Ridgw. 

(58.)  Bighasdson's  Owl. 

This  Owl,  although  a  bird  of  the  wooded  interior,  also  ranges  along  the  bushy  borders  of  the 
various  water  courses  and  reaches  the  shores  of  Bering  Sea  and  Kotzebue  Sound  at  rare  and 
irregular  intervals.  It  is  well  known  to  the  natives,  who  called  it  *'  The  Blind  Owl,"  because  it 
cannot  see  well  during  the  day-time  and  is  easily  caught  alive  by  the  hand.  In  the  interior  it 
becomes  quite  numerous,  and  on  the  lower  Yukon  nests  as  low  down  as  the  vicinity  of  Kotlik, 
whence  I  have  a  set  of  its  eggs.  The  bird  is  found  resident  here  though  only  a  few  miles  to  the 
sea-coast.  But  this  is  exceptional,  as  elsewhere  the  surroundings  are  not  favorable  for  its  presence. 
The  natives  of  the  interior  (Indians)  catch  this  bird,  tie  a  small  piece  of  dried  fish  to  its  back,  and 
and  let  it  go,  claiming  they  will  thus  secure  good  fortune  in  the  hunt  and  in  other  matters. 

BUBO  VIRaiNLAANUS  SUBARCTICUS  (Hoy)  Ridgw. 

(59.)  The  Nobthwestbbn  Hobned  Owl. 

Among  the  Owls  which  pay  occasional  visits  to  the  coast  of  Bering  Sea  in  Alaska,  as  well  as 
to  the  southern  portion  of  its  arctic  shores,  this  bird  may  be  reckoned  as  the  most  common. 
Scarcely  an  autumn  passes  but  a  number  of  individuals  are  seen  occupying  conspicuous  places  on 
piles  of  drift  wood  or  other  prominent  places  along  the  shore  in  the  vicinity  of  Saint  Michael's  and 
thence  north  where  it  is  well  known  to  the  natives.  Occasionally  it  becomes  bold  enough  to 
frequent  the  vicinity  of  the  houses,  but  this  rarely  occurs.  Like  the  preceding  owls,  with  the 
exception  of  the  first  mentioned,  this  is  unknown  on  any  of  the  Bering  Sea  islands.  It  is  also 
unknown  from  the  Asiatic  shore,  so  far  as  any  records  which  I  have  seen  go  to  show. 

NTCTBA  8CANDIACA  (Linn.)  Newt. 

(60.)  The  Snowy  Owl. 

From  the  Kuskoquim  mouth,  north  along  the  entire  Alaskan  coast,  as  also  on  the  northern 
islands  in  Bering  Sea,  the  Siberian  coast  of  this  sea,  and  on  the  coast  of  the  Arctic,  this  is  a 
resident  bird,  perhaps  most  numerous  in  winter  along  the  Arctic  coast.  It  is  not  uncommon  in 
summer  to  s§e  this  owl  perched  along  the  brow  of  the  cliffs  fronting  the  shore  to  the  north  of 
Kotzebue  Sound.  It  is  found  to  be  extremely  shy  even  in  these  far-off  regions,  and  it  is  almost 
impossible  to  approach  within  rifle  shot  As  we  landed  upon  Wrangel  Island  and  ascended  the 
slope  of  the  hill  rising  from  the  beach  one  of  these  birds  arose  over  200  yards  in  advance  and  made 
off  as  though  his  experience  of  mankind  had  been  anything  but  agreeable ;  yet  it  is  certain  that  his 
habitation  at  that  time  had  never  .before  been  disturbed  by  man.  During  some  seasons,  when  the 
lemming  abounds  at  any  particular  point,  this  bird,  becomes  correspondingly  numerous  and  preys 
upon  this  small  rodent.  At  times,  however,  it  attacks  and  kills  the  northern  hare,  and  is  one  of 
the  most  dreaded  enemies  of  the  ptarmigan.  In  winter  it  glides  on  noiseless  wing  close  along  the 
surface  of  the  snow,  its  white  plumage  blending  so  completely  with  the  white  landscape  that  it  is 
followed  with  the  greatest  difficulty  by  the  eye;  ever  and  anon  it  vanishes  and  reappears  like  a 
shadow,  as  it  takes  its  course  along  the  shore  or  over  the  open  country. 
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a^TINIA  FUNBRBA  (Linn.)  Riok.  A  Sw. 

(61.)  The  American  Hawk- Owl. 

Like  most  of  the  wood-frequenting  birds,  this  is  also  a  rare  visitant  to  the  sea-coast  of  Bering 
Bea  and  Kotzebue  Sound,  where  it  occurs  at  intervals  in  the  fall  and  spring.  I  secured  a  fine 
specimen  from  the  top  of  the  flng-staff  at  Saint  Michael's,  where  it  sat  looking  down  upon  the  people 
moving  about  and  did  not  show  the  slightest  sign  of  fear,  until  it  was  brought  down  with  a  broken 
wing.  When  approached  it  threw  itself  in  an  attitude  of  defense  and  its  unquailing  eye. 
commanded  one's  admiration  for  bold  and  undaunted  courage.  It  occurs  in  ffbout  equal  frequency 
with  the  Homed  Owl,  and  is  well  known  to  the  Eskimo,  who  confound  it  to  a  certain  extent  with 
Richardson's  Owl. 

aXTRNIA  FUNERBA  ULULA  (Linn.)  Ridgw. 

(62.)  The  Eubopean  Hawk-Owl. 

One  specimen  of  this  bird  has  been  taken  on  the  Alaskan  coast,  by  L.  M.  Turner,  near  Saint 
Michael's,  in  winter.  It  is  known  from  the  Siberian  shore  and  throughout  Northern  Siberia, 
frequenting  the  wooded  portions  of  the  country,  with  occasional  stray  visits  to  the  sea-coast.  Both 
this  and  the  preceding  are  totally  unknown  on  the  islands  of  Bering  Sea,  and  of  exceeding  rarity , 
if  they  occur  at  all,  along  the  neighboring  Arctic  coast.  The  approach  of  the  wooded  country 
along  the  Bering  Sea  ^hore  afibrd  the  preceding  form  more  convenient  opportunities  to  reach 
the  neighborh  ood  of  the  sea,  yet  their  visits  in  these  places  are  few  and  very  short. 

FALCONIDuE.    HAWKS. 

HIBROFALCO  aTRFALCO  CANDICAUS  (Om.)  Ridgw; 

(63.)  The  White  Gybfalcon. 

The  winter  of  1879  I  obtained  a  single  skin  of  this  fine  Falcon  from  a  native  on  the  Alaskan 
coast  near  Bering  Strait.  This  is  the  only  instance  I  have  ascertained  of  its  occurrence  on  our 
coast,  although  Mr.  Dall  learned  from  the  people  at  Saint  Michael's,  during  his  residence  there, 
that  the  bird  occurred  at  rare  intervals;  and  he  adds  that  a  little  north  of  Bering  Island  one  of 
these  fidcons  alighted  in  the  rigging  of  their  vessel  and  remained  with  them  for  some  time. 

'  HIBROFALCO  OTRFALCO  8 ACER  (Forst.)  Ridgw. 

(64.)  MaoFaelanb's  Qyepalcon. 

Although  the  previous  variety  is  of  such  rarity  on  the  coast  of  Bering  Sea,  the  present  form  is 
one  of  the  most  abundant  birds  of  prey  found  in  this  region.  A  single  specimen  obtained  by  Elli<^t 
on  the  Seal  Islands  forms  the  only  record  from  that  group.  But  Dall  found  it  on  the  Aleutian 
chain  and  from  the  Peninsula  of  Alaska  nort^  to  Point  Barrow  on  the  American  shore  and  across 
the  straits,  occupying  the  islands  of  that  region  and  the  coast  of  Northeastern  Siberia. 

This  Gyrfalcon  is  common  and  is  a  resident  throughout  the  year.  It  nests  along  the  cliffs 
bordering  the  sea-shore,  or  in  the  interior  occupying  the  bluffs  along  the  river  banks.  It  is  most 
numerous  in  autumn,  when  the  young  are  found  about  almost  every  rocky  cliff  on  the  coast,  and 
it  carries  destruction  among  the  migrating  ptarmigan  at  this  season.  It  has  been  claimed  that 
this  Falcon  has  a  heavy  and  slow  flight,  but  after  one  watches  the  great  ease  with  which  it 
overhauls  a  ptarmigan  in  full  flight  its  power  of  wing  is  readily  proved. 

FALCO  PEREaRINUS  N^IVIUS  (Qm.)  Ridgw. 

(65.)  The  American  Duck  Hawk. 

A  very  rare  species  in  the  interior  of  Northern  Alaska.  This  Hawk  is  of  still  greater  rarity 
on  the  coast  of  Bering  Sea,  where  it  is  found  only  as  an  excessively  rare  visitant  in  the  spring  and 
autumn.  It  is  unknown  from  the  islands  and  Siberian  coast  of  Bering  Sea  and  from  the  acyaeent 
coast  of  the  Arctic  on  either  side. 


78  OBUISB  OP  STBAMBB  OOBWIN  IN  THE  AROTIO  OCEAN. 

FALCO  PBRSaRINUS  PEALXU  Udgw. 

(66.)  Peale's  Falcon. 

Along  the  Aleutian  Islands  Dall  foand  this  bird  rather  common  and  nesting  at  various  points 
In  his  ^^List  of  Birds  West  of  Oaualaska,"  he  heads  the  list  with  this  species,  having  it  identified 
as  Falco  ffyrfaieo.  Mr.  Bidgway  informs  me  that  this  bird,  of  which  he  has  examined  the  specimen 
obtained  by  Dall  and  upon  which  the  erroneous  identification  was  based,  is  in  reality  a  typical 
Faleopedlei,  On  September  22, 1881,  as  the  Gorwin  approached  Ounalaska  from  the  north  six  or 
seven  of  these  birdsr  were  seen,  one  after  the  other,  approaching  from  the  east,  and,  after  a 
circuit  about  the  vessel,  frequently  coming  within  thirty  or  forty  yards,  they  would  make  off  to  the 
west.  At  this  time  the  island  was  nearly  twenty  miles  distant.  This  was  the  only  time  that  the 
bird  was  observed  during  the  ten  days  spent  at  Ounalaska.  It  is  unknown  north  of  the  Aleutian 
Islands,  although  it  undoubtedly  extends  farther  north  along  the  Alaskan  shore. 

2I8ALON  COLUMBARIXra  (Idnn.)  Kaap. 

(67.)  The  Pigeon  Hawk. 

This  well-known  Hawk  occurs  along  the  entire  Alaskan  coast  north  beyond  the  shores  of  Kotze- 
bue  Sound.  Across  Bering  Sea  it  has  been  taken  at  Plover  Bay  and  several  other  points  on  that 
coast.  Of  the  woodland  birds  of  prey  this  is  one  of  the  most  common  species  to  visit  the  barren 
coast  region,  and  may  be  looked  for  as  a  rather  frequent  and  regular  visitant  along  the  shores  of 
Norton  Sound,  Bering  Strait,  and  Kotzebue  Sound  in  spring,  summer,  and  autumn.  A  skin  was 
brought  on  board  the  Gorwin  from  one  of  the  islands  in  Bering  Strait  in  the  summer  of  1881. 
Although  numerous  in  the  portions  of  this  region  named,  it  is  yet  unknown  from  the  Aleutian  and 
Seal  Islands,  the  bleak,  rugged  character  of  their  shores  probably  proving  unattractive  to  this  small 
but  bold  Falcon. 

PANDION  HALI^ITUS  CAROIiINENSIS  (am.)  Ridgw. 

(68.)  The  American  Fish-Hawk. 

In  the  interior  the  Fish-Hawk  is  a  not  very  uncommon  bird  as  far  north  as  the  wooded  country 
extends ;  thence  it  occasionally  visits  the  shores  of  Bering  Sea.  Two  were  seen  the  last  of  May  at 
the  Yukon  mouth  in  1879,  and  two  specimens  were  brought  me  from  the  head  of  Norton  Sound 
during  the  summer  of  1878.  These  records  include  all  the  information  I  possess  regarding  this 
bird  on  the  coasts  herein  treated.  Whether  it  is  found  on  the  Siberian  shore  or  not  in  these  high 
latitudes  I  have  no  information,  although  its  presence  to  the  south  in  the  Kurile  Islands  and 
southward  render  it  probable  that  it  does. 

CIRCUS  HUDSONinS  (Linn.)  VieiU. 

(69.)  The  Mabsh  Hawk. 

A  common  migrant  along  the  Alaskan  shore  of  Bering  Sea,  occasionally  found  on  the  Aleutian 
Islands  and  extending  its  range  north  beyond  Kotzebue  Sound.  It  undoubtedly  occurs  upon  the 
adjoining  coast  of  Siberia,  although  I  do  not  possess  any  record  of  its  having  been  observed  there. 

ACCIPITER  FUSCnS  (amel.)  Bp. 

(70.)  The  Shaep-shinned  Hawk. 

Like  the  Pigeon  Hawk,  the  Sharp-shinned  Hawk  occurs  during  the  entire  summer  season,  from 
spring  to  fall;  but,  unlike  the  former,  it  is  of  considerable  rarity  and  found,  as  far  as  my  information 
goes,  only  along  the  Alaskan  coast,  including  the  shores  of  Bering  Sea  and  Kotzebue  Sound,  but 
not  ej^tending  to  the  islands  of  this  sea  nor  to  the  adjoining  coast  of  Siberia. 
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ASTUR  ATRICAPILLUS  fWils.)  Bp. 

(71.)  The  American  Goshawk. 

Wherever  the  Ptarmigan  is  fonnd  in  tbe  yicinity  of  the  wooded  country,  and  frequently  far 
distant  from  a  tree  or  bash,  this  bold,  hardy  bird  is  found  as  its  unwelcome  companion.  In  spring 
the  Goshawk  is  occasionally  seen  passing  over  Saint  Michael's  as  the  first  warm,  sunshiny  days 
begin.  Then  on,  until  the  breeding  season  is  over,  it  is  seen  no  more.  But  in  autumn  it 
returns  to  the  sea-coast  in  considerable  numbers ;  about  equaling  the  Q^'^rfalcon  in  abundance 
for  a  time,  and  like  that  species  preying  upon  the  migrating  Ptarmigan. 

Among  the  many  records  of  this  bird's  boldness,  I  possess  an  additional  one  obtained  during 
the  visit  of  the  Gorwin  to  Kotzebue  Sound  in  September,  1881.  I  had  winged  a  Ptarmigan  on 
the  top  of  the  famous  ice  cliff  of  Escholtz  Bay  and  the  bird  fell  just  beyond  a  small  knoll  from 
me ;  the  instant  the  Ptarmigan  struck  the  ground,  I  was  surprised  to  see  a  Goshawk  dart  out 
from  a  small  alder  patch  near  at  hand  and  with  a  graceful  inclination  pick  up  the  bird  and  make 
off  with  it ;  which  so  surprised  me  that  I  stood  watching  the  performance  until  the  hawk  had 
made  good  its  escape.  As  it  flew  away  a  second  bird,  evidently  its  mate,  joined  it,  and  the  two 
passed  over  the  hill  and  disappeared  from  view. 

By  a  careful  comparison  or  specimens  in  the  Smithsonian  Institution  with  the  considerable 
series  obtained  by  me  in  the  north,  I  have  reached  the  conclusion  that  Mr.  Ridgway's  variety 
Striatutus  is  nothing  but  the  plumage  assumed  by  the  older  birds,  as  is  readily  shown  by  several 
specimens  in  which  the  change  made  from  the  immatilte  plumage  to  that  of  the  adult  is  taking 
place.    Mr.  Ridgway  has  examined  the  same  series  and  concurs  with  me  in  this  conclusion. 

ARCHIBUTEO  LAaOPUS  8ANCTIC-JOHANNI8  (amel.)   Ridgw. 

(72.)  The  American  RouaH-LEGaED  Hawk. 

Along  the  entire  Alaskan  coast  of  Bering  Sea  and  the  Arctic,  including  at  least  the  eastern 
portion  of  the  Aleutian  Islands,  the  Rough-legged  Hawk  is  a  common  resident  in  summer.  At 
Ounalaska  I  fonnd  a  pair  breeding  upon  a  cliff  near  the  village,  and  secured  one  of  the  birds  with 
their  eggs  in  May,  1877.  At  Saint  Michael's  it  was  found  nesting  upon  cliffs  on  the  border  of  a 
small  lake  in  the  interior  of  the  island,  and  the  bird  was  among  the  most  common  of  the  migrating 
birds  of  prey.  The  Ounalaskan  specimen  is  indistinguishable  in  every  particular  from  a  European 
specimen  in  the  Smithsonian  collection,  and  the  basis  for  the  separation  of  the  American  bird  from 
that  of  Europe  and  the  northern  portions  of  the  Old  World  generally  is  merely  in  the  black  phase 
assumed  by  the  American  bird  in  the  Hudson  Bay  and  adjoining  region.  In  Alaska  this  phase  is 
unknown  as  far  as  my  observation  goes,  and  is  totally  unrepresented  in  the  considerable  series  of 
specimens  ob  ained  by  myself  and  various  others  in  that  region.  This  being  the  case,  and  various 
Alaskan  birds  which  I  have  examined  being  so  closely  related  to  the  old  world  form,  it  ap|)ears 
necessary  to  recognize  them  liuder  the  name  of  the  old  world  bird.  Thus  limiting  the  geographical 
variety,  Sancti  JohanniSj  to  that  portion  of  the  continent  where  it  actually  occurs. 

The  Rough-Leg  occurs  in  Siberia,  and  in  China  is  a  species  with  dark  feathers  to  the  thighs, 
but  very  similar  in  other  respects  to  lagopus. 

AQUILA  CHRTSAETUS  CANADENSIS  (Linn.)  Ridgw 

(73.)    The  Golden  Eagle. 

This  is  one  of  the  rarest  among  the  birds  of  prey  on  the  shores  of  Bering  Sea  and  the  adjoining 
portion  of  the  Arctic  Ocean.  I  know  of  no  record  of  its  occurrence  on  the  Asiatic  shore  nor  on 
the  islands  of  Bering  Sea,  but  in  the  winter  of  1879  I  saw  portions  of  bne  of  these  birds  in  a 
native  village  near  Bering  Strait,  and  fragments  of  their  skins  were  brought  to  me  in  one  or  two 
instances  from  the  shore  of  Norton  Sound  during  my  residence  at  Saint  Michael's.  The  quills  and 
tail  of  this  bird,  like  those  of  the  Bald  Eagle,  are  highly  prized  by  the  Eskimo  for  use  in  their 
religious  festivals. 
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HALIABETUS  LBUCOCEPHALnS  (Ubb.)  Sairig. 

(74.)    The  Bald  Eagle. 

Among  the  Aleutian  Islands  this  eagle  is  very  abundant,  and  frequently  as  many  as  ten  or 
fifteen  may  be  seen  in  a  single  day  over  a  limited  area.  It  is  a  denizen  here,  finding  an 
abnndance  of  high  cliffs  and  crags  upon  which  to  rear  its  young,  and  about  which  it  soars  in  fine 
weather.  North,  along  the  coast,  this  eagle  is  rather  uncommon,  owing  mainly  to  the  very  low, 
flat  character  of  the  country.  Wherever  the  coast  becomes  mountainous  or  cliffs  abut  on  the  sea- 
shore one  is  pretty  certain  to  find  one  or  more  pairs  of  these  birds  in  the  vicinity.  It  ranges 
considerably  within  the  Arctic  Circle  wherever  the  monntainous  character  of  the  country  is  such 
as  to  attract.  The  abnndance  of  reindeer  and  other  game  has  its  influence  as  well.  During  my 
residence  at  Saint  Michael's  a  number  of  birds  were  seen  passing  over,  and  quite  a  number  of 
skins  were  brought  me  by  the  Eskimo  from  various  points  along  the  coast  to  Bering  Straits  and 
Kotzebue  Sound. 

The  great  Sea  Eagle  of  the  Eamtchatkan  coast  and  Bering  Islands  has  been  reporter!  firom 
the  Aleutian  chain,  but  the  Bald  Eagle  was  undoubtedly  mistaken  for  it. 

TBTRAONID^.    GROUSE. 
CANACE  CANADENSIS  (Linn.)  Bp. 

(76.)    The  Spruce  PABTErooB. 

This,  one  of  the  handHomest  of  our  grouse,  occurs  from  the  Northern  States  through  British 
America  to  the  shores  of  Bering  Sea,  at  the  head  of  Norton  Sound,  where  the  spruce  forests 
approach  and  directly  border  on  the  shore.  It  is  not  abundant  here  but  is  a  sparing  resident  and 
breeds.  Further  in  the  interior  it  becomes  more  numerous.  Its  range  may  approach  the  sea-shore 
again  about  the  head  of  Bristol  Bay,  where  the  forest  reaches  within  a  short  distance  of  the  coast; 
but  we  have  no  data  from  that  region.  In  the  wooded  interior  of  Siberia  this  fine  grouse  is 
represented  by  a  closely  related  form,  faloipennis^  which  is  not  known  to  approach  any  of  the 
shores  under  discussion.  The  Spruce  Grouse  from  the  vicinity  of  Bering  Straits  is  identical  in 
every  way  with  specimens  from  Maine  and  New  Brunswick,  and  thus  shows  less  sensitiveness  to 
climatic  influence  than  the  following  species. 

BONASA  UMBELLUS  UMBELLOIDES  (Doagl.)  Baird. 

(76.)  The  Gray  Ruffed  Grouse. 

In  the  same  localities  as  the  preceding  is  found  occurs  this  bird,  which  forms  the  northern 
variety  of  the  familiar  Partridge,  or  Butted  Grouse,  of  the  entire  eastern  North  America.  I  had 
no  opportunity  to  learn  auythiug  of  special  interest  concerning  the  habits  of  either  this  or  the 
preceding  species  along  the  coast  region  mentioned.  With  the  exception  of  the  wooded  country 
at  the  head  of  Bristol  Bay  there  is  no  portion  of  the  Bering  Sea  coast  where  either  the  Spruce  or 
Eufled  Grouse  would  occur,  as  the  remainder  of  the  shore  and  all  the  islands  are  destitute  of  trees. 

LAGOPUS  ALBUS  (Qm.)  And.  ^ 

(77.)  The  White  Ptarmigan. 

The  White  Ptarmigan,  or  Willow  Grouse,  occurs  in  greater  numbers  in  Northern  Alaska  than 
all  the  other  species  of  grouse  combined.  Along  the  northern  portion  of  the  country  wherever 
open  country  occurs  it  is  found  in  abundance,  and  especially  along  the  shores  of  Bering  Sea 
and  the  Arctic  Ocean,  where  it  breeds  in  great  numbers.  The  last  of  April  and  first  of  May 
throughout  this  region,  from  the  month  of  the  Kuskoquim  River  north  to  Point  Barrow,  the  loud 
notes  and  peculiar  movements  of  the  males  form  one  of  the  most  characteristic  features  at  this 
season,  and  render  the  birds  very  conspicuous.  It  is  found  on  the  adjoining  coast  of  Siberia  as 
well  as  on  the  American  shore,  but  does  not  occur  on  the  Aleutian  Islands,  with  the  single  exception. 
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perhaps,  of  the  easteriiuiOHt  island  adjoiniug  the  peniusula  of  Aliaska,  where  two  species  of 
Ptarmigan  are  said  to  occur.  To  the  west  of  the  island  on  the  Aleutian  chain  it  is  not  found, 
being  replaced  by  the  species  mentioned  below.  Neither  is  it  found  on  the  fur  seal  nor  any  of  the 
other  islands  in  Bering  Sea,  with  the  possible  exception  of  Saint  Lawrence.  In  the  autumn,  just 
previously  to  the  severe  winter  storms,  there  is  a  partial  migration  of  this  Ptarmigan  from 
the  Arctic  coast  south  to  the  valleys  of  the  Yukon  and  Kuskoquim,  where  the  sheltering  thickets 
of  willow  and  alder  aftbrd  it  refuge  <luring  the  winter.  As  spring  re-opens  it  passes  to  the 
north  and  regains  its  breeding  grounds.  Some  of  the  hardier  among  these  birds,  however,  remain 
during  the  entire  winter  in  the  extreme  north.  On  Septembers,  1881,  while  the  Corwin  lay  in 
Kotzebue  Sound,  these  Grouse  were  gathering  in  considerable  flocks,  preparing  for  their  southern 
migration.  They  were  found  along  the  shore  where  the  abundant  supply  of  berries  aftbrded  them 
food.  They  wei-e  attended  as  usual  by  numerous  Goshawks,  and  several  Gyrfalcons  were  seen  in 
the  \icinity.  In  spring,  while  the  males  are  paying  court  to  the  objects  of  their  choice,  they  select 
some  slight  elevation,  such  as  a  prominent  knoll  or  a  snow  bank,  upon  which  they  take  their  stand 
and  utt^r  their  loud,  harsh  note  of  defiance,  or  do  battle  with  some  roving  free-lance  of  their  kind. 

LAGOPUS  RUSPESTRIS  (Gm.)  Leach. 

(78.)  The  Rock  Ptarmigan. 

Along  the  eastern  shore  of  Bering  Sea  and  the  Arctic  Ocean  in  Alaska,  wherever  the  mount- 
ains or  high  hills  approach  the  sea,  this  grouse  occurs.  It  is  found  in  the  immediate  vicinity  of 
Saint  Michael's,  frequenting  the  hill-tops  in  summer  and  seeking  the  shelter  of  the  willows  and 
alders  about  their  bases  in  winter.  On  the  coast  to  the  north,  i*eaching  the  vicinity  of  Bering 
Strait,  I  found  them  numerous  in  the  winter  of  1879.  They  are  much  more  unsuspicious  than  the 
preceding  species,  and  will  allow  a  very  close  approach,  standing  with  their  heads  raised  inquir- 
ingly and  a  pretty  air  of  wonderment  about  them.  In  winter  their  beautiful  milk-white  plumage, 
with  the  sharply  contrasted  jet-black  bill  and  bar  through  the  eye,  renders  them  very  hand- 
some objects,  particularly  when  seen  in  life.  Their  shape  and  movements  on  the  ground  are  also 
much  more  graceful  and  elegant  than  those  of  the  ordinary  Ptarmigan.  They  exist  in  far  smaller 
numbers  than  the  White  Ptarmigan,  and  their  range  is  more  restricted,  owing  to  the  low  and  little 
varied  character  of  the  northern  coast  country.  Wherever  low  mountains  or  hills  occur  throughout 
the  northern  portion  of  the  territory,  however,  this  bird  may  be  confidently  expected  to  occur.  On 
the  Aleutian  Islands  it  is  represente<l  by  forms  which  are  mentioned  below,  and  the  Siberian  shore 
has  a  form  perhaps  identical  with  this;  but,  as  Professor  Nordeuskiold  records  those  taken  by  the 
Vega  party  at  their  winter  quarters  as  L.  suhalpimis,  this  name  is  accepted  as  applying  to  the  North- 
eastern Siberian  bird,  since  there  are  no  specimens  at  hand  from  that  region. 

LAGOPUS  RUPESTRIS  (Gm.)  Leach: 

(79.)  KocK  Ptarmigan. 

On  the  Island  of  Ounalaska,  thence  to  the  eastward  and  also  to  the  westward  for  an  uncertain 
distance,  occurs  the  handsome  Ptarmigan  designated  above.  Of  this  form  there  are  but  two 
specimens  in  existence  in  the  summer  plumage.  These  are  a  male  and  female  obtained  by  me  on 
the  hills  back  of  Ounalaska  in  the  spring  of  1^77.  The  winter  bird,  of  which  the  Smithsonian 
possesses  a  single  example  obtained  by  Mr.  Dall,  is  indistinguishable  from  the  winter  plumage  of 
the  ordinary  Rock  Grouse.  This  specimen  lacks  the  black  border  through  the  eye,  but  this 
character  appears  to  be  merely  individual.  This  is  the  species  which  in  Mr.  Ball's  papers  on  the 
birds  of  the  Aleutian  Islands  he  designated  as  the  White  Ptarmigan,  Lagopus  albus,  and  in 
the  Bulletin  of  the  Nuttall  Ornithological  Club  for  187    I  recorded  the  capture  of  the  two 

specimens  previously  mentioned  under  the  name  of  Lagopv^  rupestrU, 

Beyond  the  mere  capture  of  the  bird  there  is  little  known  of  its  habits,  the  only  data  which  I 
can  furnish  being  that  it  frequents  the  mountain  tops  and  slopes  among  the  Eastern  Aleutian 
Islands,  and  is  common  .there,  breeding  during  June. 

The  detailed^descriptiou  of  this  form  will  be  given  in  the  account  of  the  Birds  of  Alaska,  now 
in  course  of  preparation. 
H.  Ex.  105 11 
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LAGOPUS  RUPESTRIS  OCCIDENTALI8  Turner. 

(80.)  Atkhan  Ptaemigan. 

At  the  western  end  of  the  Aleutian  chain  occars  another  form  of  Ptarmigan,  as  is  shown  by 
specimens  secui-ed  on  the  Island  of  Atkha  by  Mr.  L.  M.  Turner  during  his  residence  at  that  place. 
This  form  dififers  in  several  important  respects  from  the  Onnalaskan  birds,  as  it  does  also  from  the 
bird  of  the  mainland.  Mr.  Turner  has  designated  his  interesting  variety  as  given  at  the  head  of 
this  paragraph,  and  describes  it  in  his  Contributions  to  the  Ornithology  of  Alaska,  which  at  the 
present  writing  is  being  prepared.  Concerning  the  habits  of  this  form  I  possess  no  information. 
Its  distribution,  however,  must  be  limited,  since  it  is  found  only  on  the  western  extremity  of  the 
Aleutian  chain,  and  very  probably  forms  merely  a  local  race  peculiar  to  the  island  where  obtained, 
perhaps  extending  its  range  to  the  few  adjoining  islands. 

LAGOPUS  ALPINUS. 

(81.)  SuBALPiNE  Ptarmigan. 

On  the  north  coast  of  Siberia  occurs  this  form,  according  to  the  narrative  oi  the  Vega's  voyage, 
in  which  !Nordenskiold  records  finding  this  species  resident  at  their  winter  quarters  on  the  Siberian 
coast  to  the  northwest  of  Bering  Straits.  In  the  middle  of  December  he  found  a  flock  of  fifty  of 
them  at  Tapkan.  Still  farther  to  the  west  along  the  shore  occurs  this  or  an  allied  species,  as 
Hedenstrom  records,  a  species  of  Ptarmigan  wintering  upon  the  New  Siberian  Islands,  which  is 
the  same  as  is  found  on  the  adjacent  coast  of  Siberia.  It  seems  remarkable  that  these  birds  should 
be  able  to  sustain  life  during  the  intense  cold  and  fierce  storms  which  sweep  over  these  desolate 
Arctic  islands.  Nordenskiold,  in  bis  Voyage  of  the  Vega,  states  that  they  found  a  "fell"  in  the 
winter  of  1872,  just  south  of  the  eightieth  parallel,  on  Spitzbergen,  where  about  1,000  of  these  birds 
wintered.  He  thinks  some  of  these  at  times  hybernate  in  crevices  among  the  rocks  or  pass  the 
winter  "  in  a  kind  of  torpid  state."  Whether  this  hybernation  theory  is  justified  by  the  facts  or  not, 
it  certainly  appears  verj'  curious  that  these  grouse  are  able  to  winter  in  80^  north  latitude,  passing 
safely  through  the  several  weeks  of  continuous  total  darkness  which  occurs  there  in  midwinter, 
and  be  found  fat  and  vigorous  as  soon  as  the  sun  appears  above  the  horizon ;  yet  such  are  the 
rec/orded  facts.  Just  how  the  bird  manages  to  exist  during  this  time  remains  to  be  satisfactorily 
accounted  for.  The  species  found  in  Spitzbergen,  to  which  this  relates,  is  the  La^opus  Hyperhoreus, 
Just  what  the  relationship  is  which  the  Rock  Grouse  of  Northeastern  Siberia  bears  to  those  found 
on  the  adjacent  coast  of  North  America  and  to  the  Aleutian  Islands  races  remains  a  question  to  be 
solved  only  when  a  sufficient  series  of  the  birds  from  the  various  regions  in  question  may  be  brought 
together.  At  present  the  material  in  this  puzzling  group  is  entirely  insufficient  to  make  any  definite 
statement  on  the  matter,  and  it  will  remain  for  some  future  explorer  to  solve  the  problem.  It  is  to 
be  hoped  that  some  of  the  present  parties  now  in  that  region  will  bring  material  which  will  aid  in 
settling  this  interesting  subject. 

H^MATOPODID^.    OYSTER  CATCBERS. 

h^imatopus  niger  pall. 
(82.)  The  Black  Oyster  Catcher. 

The  Black  Oyster  Catcher,  although  one  of  the  most  robust  of  the  waders  found  in  the  North 
does  not  extend  its  range  beyond  the  shores  of  the  Aleutian  Islands,  and  thence  across  to  the 
Kurile  Islands  and  adjoining  Asiatic  coast,  where  it  is  recorded  by  Pallas. 

STREPSILAS  INTERPRES  (Linn.)  lUig. 

(83.)  The  Common  Turnstone. 

Along  the  entire  Alaskan  coast,  from  the  Aleutian  Islands  north  to  Point  Barrow,  this  bird 
is  a  summer  resident,  although  it  does  not  occur  in  abundance  at  any  point.  Its  habits  are  very 
similar  to  those  of  the  other  small  waders  with  which  it  associates  during  this  reason.    In  autumn 
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it  passes  to  the  south,  and  is  found  on  the  various  islands  of  Bering  Sea,  except  perhaps  the 
Aleutian  chain,  where  it  is  yet  to  be  recorded;  although,  as  it  has  been  found  abundant  during 
the  migrations  on  the  Seal  Islands  by  Elliott,  there  is  no  doubt  whatever  that  it  also  visits  the 
Aleutian  chain.  In  addition  to  migrating  along  the  west  coast  of  America  it  also  passes  along 
the  Asiatic  coast,  by  way  of  the  Kurile  Islands,  to  Japan  and  southward,  where  it  has  been 
recorded  in  winter,  and  the  Smithsonian  has  recently  received  spring  birds  in  breeding  plumage 
from  Japan.  To  the  north  along  this  coast  it  occurs  as  far  as  Bering  Strait,  if  not  beyond.  A 
number  of  pairs  were  seen  mated  and  with  nests  on  Saint  Lawrence  Island  the  last  of  June,  1881 ; 
and  while  the  Corwin  was  coaling  in  the  vicinity  of  Cape  Lisburne,  during  the  first  of  August, 
I88I,  I  found  these  birds  quite  numerous  on  the  hills  back  from  the  coast,  jjvhere  they  had  been 
breeding  earlier  in  the  season.  The  young  were  on  the  wing  at  the  time  of  our  visit,  and  were 
found  with  their  parents  seeking  their  food  about  the  dry,  hilly  portions  of  the  country  in  prefer- 
ence to  their  usual  haunts  along  the  sea-shore  or  low  grassy  flats.  They  were  seen  afterwards 
near  Point  Barrow  and  at  Kotzebue  Sound. 

8TREP8ILAS  MELANOCSPHALA  Vig. 

(84.)  The  Black  Turnstone. 

This  species  is  far  more  numerous  on  the  coast  of  Alaska  during  the  summer  than  is  the 
preceding.  It  breeds  abundantly  about  the  coast  of  Norton  Sound,  and  its  familiar  form  is 
met  everywhere  on  the  flat,  grassy  marshes  and  about  the  borders  of  brackish  pools  in  this  region. 

As  the  Corwin  approached  Wrangel  Island,  during  the  first  of  August,  on  her  several 
attempts  to  i*each  that  land,  small  parties  of  these  birds  came  ofif  and  circled  about  the  ship,  with 
wistful  curiosity,  as  if  to  inquire  the  cause  and  purpose  of  this  invasion  into  these  heretofore  unap- 
proached  shores.    They  were  also  observed  once  or  twice  in  the  vicinity  of  Herald  Island. 

On  shore  at  Wrangel  Island  we  did  not  see  a  single  example  of  these  birds,  although  our 
hasty  visit  might  readily  account  for  this.  They  occur  on  both  coasts  of  Bering  Sea.  Their 
winter  home,  so  far  as  recorded,  appears  to  be  confined  to  the  west  coast  of  America,  as  no 
instance  is  known  to  me  of  its  capture  during  this  season  on  the  southeast  coast  of  Asia.  It  may 
be  remarked  here  that  among  the  very  large  collection  of  these  two  species  of  Turnstones  obtained 
by  me  in  the  North  and  compared  with  the  extensive  series  from  that  region  which  exists  in  the 
Smithsonian  collection,  there  does  not  appear  to  be  the  slightest  intergradation  of  the  characters 
showing  an  approach  of  the  two  forms;  so  there  is  every  reason  for  agreeing  with  Mr.  Kidgway 
and  terming  the  Black  Turnstone  a  distinct  8i)ecies.  The  common  Turnstone  of  the  Bering  Sea 
coast  and  Eastern  Asia,  perhaps  including  those  which  are  found  on  the  islands  of  the  South 
Pacific,  appear  to  show  an  average  much  darker  plumage  than  birds  from  middle  and  north- 
eastern America,  and  it  is  possible  that  it  may  be  necessary  to  separate  it  from  its  eastern  relative 
as  a  geographical  race,  in  which  case  the  varietal  nQ,me  pacificus  is  proposed  for  the  new  form. 

CHAEADRIID^.    PLOVERS. 

APHRIZA  VIRGATA  (amel.)  Gray. 

(85.)  The  Surf  Bird. 

During  several  successive  autumns  at  Saint  MichaeVs,  I  had  the  good  fortune  to  secure  speci- 
mens of  this  widely  spread  and  interesting  bird.  It  had  previously  been  taken  along  the  coast  of 
the  North  Pacific,  reaching  the  southeastern  shore  of  Alaska  and  thence  southward,  but  the 
present  record  is  the  first  of  its  occurrence  in  Bering  Sea  and  places  its  range  beyond  63°  north 
latitude,  and  it  undoubtedly'  reaches  the  vicinity  of  Bering  Strait,  which  lies  but  a  short  distance 
farther  to  the  north.  In  the  vicinity  of  Saint  Michael's  it  frequents  the  rocky  shores  of  the  small 
outlying  islands  and  the  capes,  whose  rugged  besich  lines  afford  them  congenial  haunts.  Their 
habits  and  feeding  grounds  are  exactly  those  of  the  Wandering  Tattler,  and  both  species  occur 
in  autumn  or  during  the  entire  month  of  August,  which  answers  in  this  latitude  to  the  beginning 
of  autumn  in  more  southern  latitudes.  They  are  never  common,  but  appear  as  stray  individuals 
and  are  not  shy. 
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SQUAT AROLA  HELVETICA  (Linn.)  Cuv. 

(S6.)  The  Black  bellied  Plover. 

This  haiHlsoiiiely  plumaged  Plover  reaches  the  shores  of  Beriiij^i:  Sea  in  May,  and  remains  to 
bree<l  at  various  points,  frequenting  the  vicinity  of  the  larger  river  mouths  by  preference,  although 
it  occurs  at  various  other  points  along  the  coast.  Its  range  also  extends  to  the  Asiatic  Shore, 
where  it  is  not  numerous,  and  north  to  Point  Barrow,  in  Alaska.  It  has  not  been  recorded  from 
any  of  the  islands  of  Bering  Sea,  although  from  its  known  range  on  the  mainland  it  undoubtedly 
<K!cur8  on  many  of  them. 

*  charadrius  dominicus  muu. 

(87.)  The  American  Golden  Plover. 

The  large  form  of  the  Golden  Plover,  which  is  so  familiar  to  all  in  the  Eastern  United  States, 
extends  iti5  summer  range  north^nd  northwest  to  the  shores  of  the  Arctic  Ocean  and  thence  to  the 
entire  Alaskan  coast  of  Bering  Sea,  ranging  occasionally  to  the  adjacent  Siberian  shore  and  the 
islands  in  this  sea,  whence  specimens  have  been  obtained.  Along  this  portion  of  its  range, 
including  the  Boring  Sea  islands  and  the  North  Alaskan  coast,  its  habitat  intermingles  with  that 
of  the  small  Asia!  ic  form,  which  also  comes  to  these  northern  latitudes  in  summer  to  rear  its  young. 
The  Golden  Plover  is  one  of  the  handsomest  as  well  as  most  interesting  of  the  waders  occurring 
in  the  Nortlr,  and  iti^  gentle  habits  and  sweetly  modulated  notes  make  it  a  very  welcome  visitor. 
During  the  mating  season  the  males  have  a  rich  liquid  song  of  the  most  musical  <5haracter,  and 
their  beautifully  blended  black,  white,  and  golden  plumage  renders  them  very  conspicuous. 

CHARADRIUS  DOMINICUS  FULVUS  (GmelO  Ridgw. 

(88.)  The  Pacific  Golden  Plover. 

The  tirst  record  of  this  form  on  American  territory  was  in  Elliott's  '* Condition  Of  Aftairs  in 
Alaska.'^  Here  is  described  a  single  specimenof  typical ////^'w.v  which  lie  obtained  upon  Saint  Paul 
Island.  During  my  residence  in  the  Nortii  I  gathered  a  large  series  of  Golden  Plover,  mainly 
from  the  coast  of  Norton  Sound,  and  among  these  I  found  every  step  of  gradation  between  the 
large  Eastern  American  and  small  Eastern  Asiatic  form.  A  strange  fact  to  be  noted  here  is  that 
the  adults  taken  on  the  Bering  sea-coast  of  Alaska  average  large,  and  show  characteristics  which 
render  them  more  closely  allied  or  identical  with  the  Eastern  American  form,  whereas  the  young 
birds  taken  in  the  same  localities  are  sp  covered  with  rich  golden  si)Ots  and  shading  that  they 
would  be  unhesitatingly  referred  to  the  variety /wr^'u*.  Along  the  entire  Asiatic  shore  of  Bering 
Sea  this  form  occur*  as  a  summer  resident,  wherever  the  country  is  sufficiently  level  to  afford 
it  proper  feeding  ground  and  breeding  places.  It  was  also  one  of  the  few  birds  we  found  oil 
Wrangel  Island,  a  single  specimen  in  breeding  plumage-being  seen  when  we  made  our  landing  oii 
the  12th  of  August.  As  in  the  case  of  the  Turnstone,  the  Golden  Plover  is  yet  to  be  recorded 
from  the  Aleutian  Islands,  although  it  must  necessarily  visit  them  during  its  migrations.  While 
midway  between  Ounalaska  and  California,  the  Ist  of  October,  1881,  a  small  tiock  of  these  birds 
were  seen  passing  overhead,  steering  their  course  directly  for  the  Sandwich  Islands,  which  were 
about  one  thousand  miles  distant  at  the  time.  They  make  this  long  flight  twice  annually,  passing 
to  and  fro  across  the  entire  North  Pacitic,  and  winter  upon  the  Sandwich  Islands,  summering 
north  of  the  Aleutian  chain. 

iEGIALITES  SEMIPALMATUS  Bonap. 

(89.)  The  Semi-Palmated  Plover. 

On  both  shores  of  Bering  Sea,  extending  on  the  Alaskan  coast  from  the  peninsula  of  Aliaska 
north  to  Point  Barrow  and  along  the  entire  northeastern  Asiatic  coast.  To  the  northwest  of 
Bering  Strait,  wherever  we  landed  from  the  Corwin  during  the  summer  of  1881,  these  birds  were 
found,  although  sparingly.     It  was  not  seen  abundantly  in  any  locality,  but  a  pair  of  adults  were 
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found  in  almost  every  instance  where  we  made  the  land  except  on  Wraugel  and  Herald  Islands. 
It  was  found  on  Saint  Lawrence  Island,  in  Bering  Sea,  and  I  noted  it  as  a  regular  but  not  numerous 
summer  resident  on  the  shore  of  Norton  Sound. 

iEGIALITES  MONGOLICUS. 

(90.)  T>HE  Mongolian  Plover. 

.  There  is  a  single  record  of  this  bird's  occurrence  in  Alaska. 
Two  specimens  were  obtained  on  Choris  Peninsula,  in  Kotzel^uc  Sound,  during  the  summer  of 
1849,  by  the  English  search-ship  Plover,  and  were  for  a  long  time  in  Sir  John  Barrow's  collection, 
presented  a  few  years  since  to  the  University  Museum  at  Oxford,  where  the  examples  are  to  be 
found  at  present.  The  record  of  this  is  in  the  "Proceedings  of  the  Zoological  Society"  of  1871, 
page  110,  where  Mr.  J.  E.  Harting  makes  various  interesting  remarks  concerning  the  different 
birds  in  this  collection. 

SCOLOPACIDJ..    SNIPE. 

GALLINAGO  MEDIA  WIL80NI  (Temm.)  Ridgw. 

(91.)  Wilson's  Snipe. 

This  bird  is  abundant  in  the  interior  of  the  fur  countries,  where  it  breeds.  It  is  among  the 
most  uncommon  of  the  waders  found  along  the  shores  of  Bering  Sea,  where,  however,  it  breeds  in 
small  numbers.  It  also  occurs  on  the  Arctic  coast,  especially  about  Kotzebue  Sound,  but  is 
unknown  at  any  of  the  Bering  Sea  islands  or  tlie  Northeastern  shore  of  Siberia,  although  its 
range  undoubtedly  includes  this  latter  region,  sxs  we  found  the  following  species  there. 

MACRORHAMPHUS  GRISEUS  SCOLOPACENUS  (Say)  Coues. 

(92.)  The  Red- Bellied  Snipe. 

The  present  sptH^ies  largely  replaces  the  latter  on  tiie  shores  of  the  American  coast  of  Bering 
Sea  and  is  extremely  abundant.  Its  )>eeuliar  habits  and  odd  notes  in  spring  make  it  one  of  the 
most  conspicuous  waders  found  along  our  siiores.  In  fall  it  is  silent,  but  abundant  in  flocks 
everywhere  along  the  flat  coast  wherever  brackish  pools  and  shallow  tide  creeks  afford  it  suitable 
feeding  ground.  It  is  also  found  about  the  shores  of  Kotzebue  Sound  and  still  further  north,  and 
breeds  throughout  this  range.  We  found  it  common  at  Cape  Wankarem,  on  the  North  Siberian 
coast,  on  August  6, 1881.    But  there  is  not  a  record  of  it  from  the  islands  in  Bering  Sea. 

ARQUATELLA  MARITIMA  (Briinn.)  Baird. 

(93.)  The  Aleutian  Sand  Piper. 

Along  the  entire  Aleutian  chain  this  Sand  Piper,  lately  described  by  Mr.  Ridgway,  is  a 
common  resident,  breeding  throughout  its  range  and  straying  northward  along  the  entire  Bering 
Sea  coast  during  the  autumn.  Although  it  does  not  breed  anywhere  in  the  region  about  Norton 
Sound,  yet  during  August  and  September,  up  to  tiie  closing  of  the  sea  by  ice  in  October,  it  is 
very  numerous.  The  Purple  Sand  Piper,  mentioned  by  Pallas  as  occurring  on  the  Kurile  Islands, 
answers  to  this  species,  and  this  being  the  case,  the  range  of  this  bird  must  be  extended  to  these 
islands  and  the  adjoining  coast  of  Asia.  The  present  bird  is  known  to  have  been  captured  on  the 
Asiatic  shore,  in  the  vicinity  of  Bering  Strait,  and  the  record  of  ^ordenskiold  of  Tringa  maritima^ 
occurring  at  his  winter  quarters  to  the  northwest  of  Bering  Strait,  must  refer  to  the  present  bird, 
since  the  true  Purple  Sand  Piper  is  replaced  in  this  region  by  the  present  form.  This  record  of 
Xordenskiold  is  the  ^  first  one  we  have  of  the  presence  of  this  bird  in  the  Arctic,  though  on  the 
American  coast  it  also  occurs  in  autumn  on  the  shores  of  Kotzebue  Sound.  It  is  exclusively  a 
shore  bird,  and  if  it  occurs  at  all  in  any  region  may  be  confidently  looked  for  wherever  the  coast 
is  most  rugged  and  strewn  with  rocks  to  the  water's  edge.    Most  of  the  former  records  of  Tringa 
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maritima  in  Bering  Sea  and  the  adjoining  regions  refer  to  the  present  bird,  with  an  occasional 
reference  to  the  following  species  when  speaking  of  the  Seal  Islands.  This  species,  couesi,  winters 
on  the  Aleutian  Islands  as  well  as  along  the  shores  of  the  mainland  in  the  Sitkan  region  and 
south. 

ARQUATELLA  PTILOCNEMIS  (Coues)  Ridgw. 

(94.)  The  Peibylov  Sand  Piper. 

This  corigas  Snipe  is  limited  in  summer  to  the  Fur  Seal  Islands,  and  thence  extends  north 
to  Saint  Matthew's  and  to  Saint  Lawrence  Islands,  the  first  and  only  record  of  its  occurrence  on 
the  latter  island  being  a  pair  observed  by  us  on  the^outhern  shore  June  24,  1881,  when  we  landed 
from  the  Corwin  during  a  gale.  The  male  was  seen  keeping  close  to  the  native  huts,  and  was 
very  unsuspicious,  allowing  us  to  approach  within  a  few  paces;  he  kei)t  rising  on  vibrating 
wings  in  the  face  of  tiie  fierce  widd  blowing  over  the  summit  of  t!ie  hill  on  which  we  found  him, 
and  uttering  a  sharp,  metallic,  trilling  note,  much  louder  and  harder  than  the  somewhat  similar 
note  of  Tringa  semipalmata. 

Thus  far,  although  this  bird  is  known  to  be  a  migrant,  leaving  its  summer  home  on  the 
islands  mentioned  at  the  approach  of  winter,  its  habitat  during  the  cold  season  is  unknown. 
Whether  it  is  confined  to  the  southern  shore  of  the  Aleutian  chain  or  passes  to  some  x>ortion  of 
the  American  or  Asiatic  coast  yet  remains  to  be  ascertained. 

ACTODROMAS  ACUMINATA  (Horsf.)  Ridgw. 

(95.)  The  Shaep  Tailed  Sand  Piper. 

The  first  knowledge  of  this  bird's  occurrence  on  the  coast  of  America  was  obtained  by  me  at 
Saint  Michael's,  where  it  is  an  abundant  species  every  autumn,  coming  during  August  and 
remaining  until  the  sharp  frosts  of  the  approaching  winter  cause  it  to  hasten  away.  Following 
my  capture  of  the  species  comes  its  capture  on  the  coast  of  Kotzebue  Sound,  at  Hotham  Inlet,  the 
1st  of  September,  1880,  by  Captain  Booper,  on  the  Corwin,  during  his  first  cruise  in  the  Arctic; 
and  on  the  9th  of  September  the  same  season  Dr.  Bean,  on  the  Coast  Survey  schooner  Yukon, 
secured  a  second  specimen  at  Port  Clarence,  Bering  Strait,  and  this  concludes  our  present 
knowledge  of  the  distribution  of  the  species  on  the  American  coast.  During  the  summer  of  1881, 
on  the  1st  of  August,  we  landed  from  the  Corwin  on  the  northeast  coast  of  Siberia,  in  the  vicinity 
of  Cape  Waukarem,  and  found  these  birds  numerous,  feeding  on  the  fiats  which  were  closely 
bordering  the  shores  of  the  Arctic  Ocean  and  sparingly  grown  up  with  tine  grass.  From  the 
tujtions  of  the  birds  at  this  time  it  was  evident  that  they  had  nested  in  the  vicinity,  and  this  region 
is  probably  the  true  summer  home  of  this  handsome  species.  During  the  migration  it  has  been 
taken  in  Japan  and  along  the  east  coast  of  Asia,  and  is  known  to  winter  in  Australia  and  Southern 
India. 

ACTODROMAS  MACULATA  (Vieill.)  Coues. 

(96.)  The  Pectoral  Sand  Pipee. 

On  the  American  coast  of  Bering  Sea,  as  also  at  Kotzebue  Sound,  this  bird  is  a  common  if 
not  abundant  summer  resident.  It  is  perhaps  most  numerous  about  the  Yukon  mouth,  where  it 
was  preparing  to  breed  in  considerable  numbers  eariy  in  June,  1879.  It  is  unknown  from  any  of 
the  Bering  Sea  islands,  but  on  the  north  coiist  of  Siberia,  during  the  summer  of  1881,  we  found 
them  numerous  in  company  with  the  Siiarp  Tailed  Sand  Piper.  At  several  points  where  we 
landed  it  was  found  wherever  grassy  fiats  occur  attbrding  it  proper  feeding  grounds.  In  a  recent 
letter  to  the  ^ewjTork  Herald,  received  from  Mr.  R.  L.  Newcomb,  the  Naturalist  of  the  Jeannette, 
we  learn  that  on  the  I8tli  of  August,  1880,  while  their  vessel  was  frozen  in  the  ice  to  the  northwest 
of  VVrangel  Island,  a  pair  of  these  birds  came  on  board.  This  extends  their  known  range  north  to 
about  7GO  of  latitude,  and  renders  it  probable  that  they  breed  on  the  Islands  of  the  Arctic  Ocean 
in  this  region. 
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EURINORHTNCHUS  P7GRANT7S  (?) 

(97.)  The  Spoonbilled  Sand  Piper. 

This  peculiarly  marked  binl  has  recently  had  several  very  interesting  additions  made  to  its 
known  history  by  the  observations  made  by  Nordenskiold  in  the  spring  of  1879,  by  Dr.  Beau  in 
the  summer  of  1880,  and  myself  in  1881.  On  the  northeast  coast  of  Siberia  Nordenskiold  records 
this  bird  as  occurring  in  such  numbers  that  on  two  occasions  in  spring  it  was  served  upon 
their  mess  table  on  board  the  Vega  while  they  were  lying  frozen  in  at  their  winter  quarters.  It 
arrived  in  spring  at  Tapkan,  with  the  first  bare  spots,  early  in  June,  and  disappeared  in  July*.  To 
the  westward,  in  the  same  vicinity,  during  the  summer  of  1881,  1  saw  several  of  these  birds,  and 
at  Plover  Bay,  on  the  Bering  Sea  shore  of  the  same  coast,  secured  a  fine  adult  female  in  breeding 
plumage,  taken  on  June  26.  Nothing  peculiar  was  observed  in  its  habits,  and  I  approached  the 
bird  without  difficulty  or  its  showing  the  slightest  concern  as  it  stood  on  the  flat  at  that  place. 
The  bird  was  first  seen  feeding  in  the  shallow  water  at  the  edge  of  a  pool,  and  then  stood  with  its 
head  drawn  back  and  without  paying  the  slightest  attention  to  me  until  it  was  shot.  It  is  a  hand- 
somely plumaged  species,  as  is  shown  in  the  accompanying  plate  by  Mr.  RidgWay.  There  is  a 
single  known  instance  of  its  occurrence  on  the  American  coast,  and  this  was  at  Hotham  Inlet, 
where  a  specimen  was  secured  by  the  English  ship  Plover  during  the  summer  of  1849.  The  record 
of  this  specimen  is  in  the  proceedings  of  the  London  Zoological  Society  for  1871,  page  110,  where 
we  learn  that  this  specimen  taken  on  Choris  Peninsula,  Hotham  Inlet,  was  lately  presented  to  the 
Oxford  Museum,  among  other  birds  in  the  collection  of  Sir  John  Barrow. 

In  the  Ibis  for  1875,  Mr.  Swinholm  reconls  a  specimen  killed  at  Hakodadi,  Japan,  in  September, 
and  it  is  well  known  as  a  winter  resident  in  the.  south  of  Asia,  its  summer  home  being  apparently, 
from  the  records  we  now  possess,  the  northeastern  Arctic  shores  of  Asia.  There  have  been 
various  records  of  the  bird  in  Europe,  and  especially  in  France.  But  Mr.  Harting  doubts  their 
authenticity,  and  says:  '^M.  Jules  Verreaux  has  recently  informed  me  that  no  specimen  of  Eury- 
norhynchus  ever  existed  in  the  Paris  Museum,  and  that  the  bird  to  which  Lessing  refers  under  the 
head  of  Eurynorhyiwhtis  GriHeus,  and  a  specimen  under  Erolia  varia,  Vielllot^  is  nothing  less  than  a 
Tringa  with  the  hind  toes  cut  off  and  bill  remodeled  with  the  aid  of  some  w^arm  water." 

The  proceedings  testified  to  the  rarity  of  this  species  in  French  Museums,  and  the  manner 
in  which  an  artificial  evolution  may  be  encompassed.  Mr.  Harting  continues  by  stating  that  nothing 
is  known  of  its  nesting,  and  he  refers  to  the  unexplored  region  of  Northeastern  Asia  as  the  place 
likely  to  afford  light  on  this  point  as  well  as  upon  a  number  of  other  little  known  species,  and  his 
surmise  has  proved  correct  in  this  instance  at  least.  A  passable  figure  of  this  bird  in  breeding 
plumage,  taken  from  the  specimen  secured  on  the  Choris  Peninsula  by  the  Plover,  is  to  be  found 
in  the  Ibis  for  1869.  Up  to  Oi^tober  of  this  year  twenty-four  specimens  were  known  to  Mr.  Harting, 
of  which  twenty-three  were  recorded  from  Southern  India,  and  these  were  doubtless  all  in  winter 
plumage. 

The  description  of  the  specimen  secured  by  me  is  as  follows :  Crown  feathers  with  blackish 
centres  edged  with  rusty  reddish  approaching  chestnut.  Back  of  neck  with  the  dark  centres 
becoming  much  fainter  and  the  borders  rufous,  changing  to  bufify  reddish,  which,  in  addition  to 
edging  the  feathers,  appears  to  wash  their  surface  and  the  dark  central  portions.  The  back  and 
scapulars  have  well-marked  black  centres  edged  with  rufous  bufty  and  grayish  intermixed.  The 
tertials  have  dark  brownish  centres  edgeil  with  grayish  and  russet.  Wing  coverts  light  brown 
edged  with  gray.  The  secondaries  largely  white,  and  an  imperfect  wing-bar  formed  by  the  white 
tips  to  the  secondary  coverts.  Quills  grayish  brown  approaching  black  at  the  tips.  The  chin  is 
.  whitish,  washed  with  a  pale  shade  of  rufous,  this  latter  shade  becoming  bright  over  the  sides  of 
the  head  and  entire  lower  surface  of  neck,  reaching  the  upper  portion  of  the  breast.  The  forehead 
and  around  the  base  of  bill  washed  with  grayish  over  the  rufous  bases  of  feathers.  The  breast  is 
rich  buflfy,  changing  to  white  on  the  posterior  half  of  breast  and  entire  abdomen.  A  scattered 
band  of  dark  opaque  shaft  spots  cross  the  breast,  and  extend  back  on'the  sides  which  are  other- 
wise white.  The  tail  is  dark  ashy  brown  j  bill,  foot,  and  tarsus  black.  The  wing  measures  3.95 
inches;  the  tail,  approximately,  1.50  inches.    This  member  was  injiired  by  shot  to  such  an  extent 
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that  the  perfect  dimensions  canupt  be  secure<l.     Tarsus,  .90  inch 5  cnlmen,  .90  inch;  width  of 
expanded  tip,  .47  inch.    The  hind  toe  is  perfect  but  minute.    The  toes  are  not  webbed. 

ACTODROMAS  BAIRDI  Coues. 

(98.)  Baibd's  Sand  Piper. 

Aloug  the  Arctic  coast,  from  Point  Hope  to  Point  Barrow,  during  the  summer  of  1881,  wherever 
we  landed  from  the  Corwin  this  species  was  found  common,  especially  at  Point  Barrow,  where 
forty  or  fifty  were  observed  scattered  about  the  edges  of  the  pools  and  sand-spits  at  that  place 
during  our  visit.  It  occurs  sparingly  on  tbe  Siberian  shore,  and  a  young  bird  has  been  sent  to 
the  Smithsonian. Institution  which  was  obtained  on  Arakamachechi  Island,  near  Saint  Lawrence 
Bay.  On  the  coast  of  Norton  Sound  it  is  a  rare  bird,  occurring  only  occasionally  during  the 
migrations  and  rarely  if  ever  breeding  in  that  vicinity.  It  is  not  recorded  from  any  of  the  Bering 
Sea  islands,  although  it  is  undoubtedly  found  on  Saint  Lawrence  during  the  nesting  season  and 
^'i8its  the  others  as  a  stray  migrant. 

ACTODROMAS  MINUTILLA  (VieUl.)  Bp. 

(99.)  The  Least  Sand  Piper. 

Like  the  preceding,  this  Sand  Piper  is  very  rare  on  the  Norton  Sound  shore  of  Bering  Sea, 
and  thence  north  along  the  Arctic  coast.  It  is  considerably  outnumbered  by  the  last  species. 
There  is  no  record  of  its  occurrence  on  the  Siberian  shore,  nor  is  it  known  from  any  of  the  Bering 
Sea  islands. 

PELIDNA  ALPINA  AMERICANA  Caas 

(100.)  The  Red  Backed  Sand  Piper. 

About  the  entire  Bering  Sea  shore  of  Alaska,  north  of  Kotzebne  Sound,  and  across  along  the 
adjoining  coast  of  Siberia,  wherever  we  landed  during  the  summer  of  1881,  this  bird  was  found 
abundant.  A  number  of  specimens  were  secured  at  Gape  Wankarem,  on  August  7, 1881,  and  are 
identical  with  specimens  secured  on  the  American  coast.  It  breeds  wherever  found  in  this  region, 
and  is  one  of  the  commonest  waders,  arriving  at  Saint  Michael's  early  in  May,  and  it  appears 
throughout  this  region  as  rapidly  as  the  snow  leaves  the  ground  sufficiently  bare  for  birds  to 
secure  their  food.  It  was  also  noted  as  common  on  Saint  Lawrence  Island,  in  Bering  Sea,  but  it 
is  unknown  elsewhere  on  the  islands  of  this  sea,  except  as  an  occasional  visitant  to  the  Seal 
Islands  during  the  migrations. 

EREUNETES  PUSILLUS  (Linn.)  Cass. 

(101.)  The  Semi-palmated  Sand  Pipee. 

Along  the  entire  Alaskan  coast,  from  the  Peninsula  of  Aliaska  to  Point  Barrow,  as  well  as 
on  the  coast  of  Northeastern  Asia  and  Saint  Lawrence  Island,  Bering  Sea,  this  small  Sand  Piper 
is  a  common  summer  resident,  breeding  wherever  the  land  bordering  the  coast  is  level  and  dotted 
with  pools  or  lakelets.  It  is  perhaps  the  most  abundant  of  the  waders  throughout  this  region, 
and  its  rapid  trilling  note  is  heard  on  every  hand  during  the  day  in  the  mating  season. 

CALIDRIS  ARENARIA  (Linn.)  Illig. 

(102.)  The  Sandeblino. 

In  Mr.  Ball's  list  of  the  birds  of  Alaska  he  gives  th^  present  species  as  common  at  Nulato 
and  thence  down  the  Yukon  to  the  sea-coast.  During  the  time  of  my  residence  in  the  territory, 
and  including  the  various  points  visited  during  the  cruise  of  the  Corwin,  on  both  the  Siberian  and 
American  shores,  not  a  single  individual  of  this  lird  was  seen.  It  occurs,  however,  in  this 
region,  but  is  irregular,  and  I  am  inclined  to  think  somewhat  rare.  We  learn  from  a  letter  in  the 
New  York  Herald,  from  Mr.  Newcomb,  that  while  the  Jeannette  party  were  passing  to  the  mouth 
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of  the  Leua  there  was  a  cousiderable  uumber  of  these  birds  seen  upon  Thaddeus  Island,  one  of 
the  Liakhov  Group,  on  August  30, 1881,  and  they  secured  twelve  of  the  birds.  This  is  not  a  well- 
known  bird  in  these  regions,  but  specimens  have  been  seen  and  procured  by  nearly  every  Arctic 
expedition,  and  its  circumpolar  distribution  renders  still  more  strange  the  great  scarcity  of  the  bird 
on  the  Norton  Sound  shore,  where  during  the  four  years  I  passed  there  not  an  individual  was  seen. 
It  is  known,  however,  from  the  eastern  coast  of  Asia,  on  the  shores  of  Japan  and  China,  as  well  as 
on  the  Kurile  Islands  and  along  the  Pacific  coast  of  America  in  the  middle  latitudes. 

LIMOSA  LAPPONICA  NOViB-ZEALANDIiB  Gray. 

(103.)  The  Pacific  Godwit. 

Occurring  during  both  migrations  on  the  Aleutian  Islands  and  thence  north  along  the  other 
islands  of  Bering  Sea,  and  abundant  on  the  Bering  Sea  shore  of  Alaska  during  the  breeding 
season.  It  is  not  known  to  nest,  however,  except  on  the  mainland,  merely  occurring  during  its 
passage  to  and  fro  u^ion  the  islands  mentioned.  It  is  also  known  from  Northeastern  Siberia, 
although  no  examples  were  seen  during  the  summer  of  1881  at  the  points  we  visited  in  the  Cor  win. 
Nor  was  it  seen  to  the  north  of  Bering  Straits,  either  on  the  shore  of  Kotzebue  Sound  or  beyond, 
and  I  do  not  know  of  its  occurrence  there.  The  loud  notes  of  this  bird  and  its  large  size  render  it 
one  of  the  most  conspicuous  among  the  waders  of  the  Bering  Sea  coast  of  Alaska.  Its  presence 
there  in  considerable  numbers  makes  it  a  characteristic  and  important  member  of  the  avian  fauna. 
They  arrive  in  the  vicinity  of  Saint  Michael's  the  last  of  May  or  first  of  June,  and  after  nesting 
leave  for  the  South  during  August,  a  few  only  remaining  until  September. 

LIMOSA  HiBMASTICA  (Linn.)  Coues. 

(104.)  The  Hudsonian  Godwit. 

Mr.  Dall  secured  two  specimens  of  this  bird  at  the  Yukon  mouth  during  his  explorations  in 
that  region,  beyond  which  there  is  no  record  of  its  presence  on  the  coast  of  Bering  Sea.  I  did  not 
see  a  single  individual  in  that  region,  and  it  must  be  of  considerable  rarity.  Nor  is  it  known  from 
auy  of  the  Bering  Sea  islands  and  the  Asiatic  coast. 

TOTANUS  FI.AIRPES  (Gmel.)  VieiU. 

(105.)  The  Yellow  Legs. 

This  bird  is  an  extremely  rare  accidental  visitant  to  the  coast  of  Bering  Sea  in  Alaska.  It 
is  perhaps  more  numerous  at  the  Yukon  mouth  than  elsewhere.  In  the  vicinity  of  Saint  MichaePs 
two  or  three  specimens  were  secured  during  four  summers,  mainly  in  August,  after  the  breeding 
season  was  over,  when,  like  many  other  birds,  these  appear  to  wander  from  their  breeding  grounds, 
nsiting  parts  of  the  country  unknown  to  them  in  the  breeding  season. 

HETEROSCELUS  INCANUS  (Gmel.)  Coues. 

(106.)  The  Wandering  Tattler. 

Every  summer,  as  the  end  of  July  approaches  or  August  begins,  this  bird  makes  its  appear, 
ance  about  the  rocky  islets  and  coast  along  Norton  Sound,  in  the  vicinity  of  Saint  Michael's.  Its 
habits  are  very  retired,  and  unless  its  haunts  were  visited  not  a  single  individual  would  be  seen. 
In  spring  it  occurs  very  sparingly,  and  has  been  taken  at  this  season  even  up  the  Yukon  to 
Nulato  and  Anvik,  and  undoubtedly  a  few  breed  in  this  region ;  but  the  majority  are  birds  which 
have  wandered  from  more  southern  points.  It  occurs  quite  frequently  on  all  the  islands  of  Bering 
Sea,  their  rocky  shores  and  isolated  position  apparently  rendering  them  favorite  grounds.  When 
disturl)ed  on  their  feeding  grounds  these  tattlers  usually  show  but  little  alarm,  but  fly  on  easy 
wings  a  short  distance,  and  when  they  alight  are  readily  secured.  They  are  rarely  seen  except 
singly,  although  several  may  be  found  at  times  in  the  same  vicinity.  The  young  birds  obtained 
in  fall  are  less  brightly  iDarked  than  the  spring  adults.  Their  note  is  a  loud,  ringing  whistle, 
which  seems  specially  fitted  to  the  bird  and  the  haunts  it  occupies,  and  as  the  shrill  cry  re-echoes 
H.  Ex.  105 12 
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from  tbe  towering  cliffs  and  ledges  at  the  base  of  which  it  feeds  its  peculiar  character  and 
iutouatiou  might  lead  one  to  fancy  some  genie  of  the  rocks  wa«  uttering  its  cry.  When  the  birds 
are  approached  by  boat,  as  they  are  feeding  along  the  water's  edge,  they  ascend  gradually,  with 
an  expression  of  mild  curiosity,  and  pass  from  ledge  to  ledge  until  they  reach  a  jutting  point  on 
the  fa<5e  of  the  cliff  or  its  brow,  where  they  stand  in  relief,  like  beautiful,  clear-cut  statuettes,  and 
do  not  utter  a  sound  or  move  until  they  are  still  further  alarmed,  when  they  take  flight,  uttering 
at  the  same  moment  their  loud  note  before  mentioned.  This  bird  is  as  common  upon  the  Bering 
Sea  shore  of  Siberia  as  it  is  upon  the  Alaskan  coast,  but  it  is  not  known  to  the  north  of  Bering 
Sti*ait  on  either  coast. 

TR7NGITES  RUFESCENS  (Vieill.)  Caban. 

(107.)  The  Buff-beeasted  Sand  Piper. 

Like  the  preceding  species,  this  handsomely  pluuiaged  bird  is  a  great  wanderer.  It  is  fouud 
over  nearly  the  entire  globe,  especially  the  continental  jwrtions,  and  wends  its  way  regularly  in 
spring  to  nest  in  the  far  northern  regions.  On  the  coasts  of  Bering  Sea  it  is  rare,  a  single  pair 
obtained  at  Saint  Michjiel's  in  spring  being  the  only  two  that  I  saw  during  a  four  years'  residence 
there.  On  the  north  side  of  Siberia,  however,  it  was  found  quitt^  common  in  the  vicinity  of  Cape 
Wankarem  early  in  August,  L881.  Although  it  is  so  uncommon  in  the  Bering  Sea  region,  it  is 
very  abundant  at  various  points  on  the  Arctic  coast,  and  the  lower  course  of  the  Anderson  River 
in  British  America  may  be  especially  mentioned,  as  it  has  been  fouud  breeding  there  in  the 
greatest  abundance. 

NUMENIUS  HUDSONICUS  Lath. 

(108.)    The  Hudsonian  Curlew. 

This  Curlew  is  mainly  known  on  the  shore  of  Norton  Sound  as  a  migrant  in  the  spring  and 
autumn ;  a  few,  however,  remain  to  breed  there.  As  the  snow  disappears  in  spring  towards  the 
end  of  May,  the  loud  clear  whistle  of  this  species  is  a  welcome  sound,  as  it  announces  the  mild 
weather  of  early  summer.  Remaining  but  a  short  time  at  this  sciison,  the  majority  pass  still 
further  to  the  north.  In  autumn  they  return  early  in  August  or  the  last  of  July,  and  feed  upon 
the  various  ripening  berries  until  into  September,  when  they  depart  for  the  south.  It  is  unknown 
on  the  islands  of  Bering  Sea  and  adjoining  shores  of  Northeastern  Siberia.  It  is,  however,  found 
on  the  Alaskan  shore,  north  to  the  vicinity  of  Point  Barrow,  and  undoubtedly  visits  Saint 
Lawrence  Island  and  the  Siberian  coast  during  the  summer, 

NUMENIUS  BOREALIS  (Forst.)  Lath. 

(109.)    The  Eskimo  Curlew. 

Though  much  smaller  than  the  latter,  this  bird  considerably  outnumbers  it,  and  is  much  more 
common  during  all  the  summer  season  on  the  coast  of  Norton  Sound.  Its  habits  and  haunts  are 
almost  identical  with  those  of  its  larger  relative,  except  that  it  breeds  more  frequently  in  the 
southern  parts  of  its  range.  Both  forms  appear  at  the  Yukon  mouth  in  spring,  and  sparingly 
during  the  breeding  season.  Both  reach  high  northern  latitudes,  at  least  to  the  limit  of  continental 
lands.  At  Wankarem,  on  the  North  Siberian  coast,  August  6,  1881,  four  specimens  of  this  bird 
were  seen  passing  over,  and  were  the  only  Curlews  seen  upon  the  Siberian  coast  during  our  various 
visits  to  that  shore.  Elliott  has  recorded  its  presence  on  the  Seal  Islands  during  the  migrations, 
and  it  probably  visits  most  of  the  Bering  Sea  islands  at  this  time.  It  occurs  all  along  the  Arctic 
coast  of  Alaska,  wherever  suitable  lowlands  occur. 

NUMENIUS  TAHITIENSIS  (Gmel.)  Cass. 

(110.)    The  Bristle  thighed  Cuelemt. 

Although  this  is  the  largest  Curlew  fouud  on  the  Bering  Sea  coa^t  of  Alaska,  it  is  as  well  the 
most  uncommon.  The  only  record  of  its  presence  there  rests  upon  the  capture  of  a  single  male 
in  the  spring  of  1880,  when  I  saw  a  pair  feeding  upon  the  last  year's  berries,  which  covered  the 
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slii^htly  elevated  land  bordering  an  extensive  series  of  flats.  It  bad  a  load,  clear  note,  very 
similar  to  that  of  the  Hudsonian  Curlew,  and  was  not  shy.  I  readily  approached  them,  and 
secured  the  male,  and  afterwards  severely  wounded  the  female.  The  only  other  instance  of  its 
capture  in  the  north  is  the  single  specimen  secured  at  Kodiak  by  Bischoff,  in  18 — 

It  is  a  well-known  bird  on  the  islands  of  the  South  Pacific,  where  it  exists  in  great  numbers, 
but  its  presence  in  the  North  is  rather  unexpected,  and  like  that  of  several  other  birds,  notably 
the  Pacific  Grolden  Plover  and  Pacific  Godwit,  which  wander  to  subartic  regions  in  summer,  its 
winter  home  is  among  those  islands  dotting  the  South  Pacific. 

PHALAROPODID^  PHALAROPES. 

PHALAROPUB  FULICARIUS  (Linn.)  Bp. 

(HI.)  The  Red  Phalaeope. 

The  present  handsome  s|>ecies  is  extremely  abundant  on  the  Alaskan  and  Siberian  coast  of 
the  Arctic,  north  to  Wrangel  and  Herald  Islands  and  thence  south  along  both  shores  of  Bering 
Sea.  It  breeds  from  the  mouth  of  the  Kuskoquim  River,  north  along  the  coast  of  Alaska,  and  on 
the  Siberian  coast,  mainly  along  the  northern  shore.  Throughout  the  breeding  season  it  is  limited 
rather  closely  to  the  shore,  but  when  the  young  are  fledged  and  able  to  follow  their  parents  all 
leave  the  shore  behind  or  frequent  the  lagoons  and  brackish  lakes  in  the  immediate  vicinity  of  the 
sea.  The  few  vessels  which  break  the  monotony  of  these  northern  waters  in  summer  find  dotting 
the  waves  on  every  hand  these  buoyant  and  graceful  birds,  their  quick,  agile,  and  elegant 
movements  attracting  attention,  while  their  numbers  render  them  conspicuous  as  they  wheel  and 
circle  in  flocks  about  the  vessel,  their  wings  flashing  in  the  sunlight. 

To  the  whalers  in  this  region  they  are  known  with  the  next  species  as  "  bowheaft  birds,"  from 
their  habit  of  feeding  upon  minute  animalcule  which  afford  the  right  whale  or  bowhead  its  foo<I. 
Hence  a  community  of  interests  attracts  these  pigmies  and  the  largest  cetacean  of  the  North  to 
prey  upon  the  same  fare.  A  logical  deduction  follows,  based  upon  experience,  by  which  the 
whalers  predict  the  presence  of  whales  wherever  this  elegant  bird  is  to  be  found  in  great  numbers. 
We  saw  it  repeatedly  while  cruising  in  the  ice  off  Wrangel  and  Herald  Islands  and  thence  across 
the  Arctic  to  Point  Barrow  or  the  Bering  Sea  coast.  The  calm  spaces  between  the  large  fields  and 
blocks  of  ice  afford  favorite  resorts  for  the  members  of  the  numerous  bands  of  Phalaropes  along 
the  edge  of  the  pack.  They  are  quite  plentiful  around  the  entire  Arctic  Zone  and  are  familiar  to 
fishermen,  whalers,  and  explorers  who  visit  this  dreary  region.  They  are  among  the  few  species 
which  the  forbidding  climate  of  the  highest  latitudes  does  not  appear  capable  of  deterring  from 
making  their  summer  home  there.  Nordenskiold  found  this  bird's  eggs  laid  on  the  bare  ground  of 
Spitzbergen,  and  reports  it  as  the  commonest  species  along  the  north  coast  of  Asia. 

LOBIPE8  HTPERBOREUS  (Linn.)  Cuv. 

(112.)  The  Noetheen  Phalaeope. 

Like  its  relative  just  mentioned,  the  Northern  Phalarope  is  an  extremely  abundant  bird  in  the 
north,  although  its  disposition  is  perhaps  less  maritime  and  less  northern  than  the  one  just 
described.  On  the  Bering  Sea  coast  of  Alaska  the  Northern  Phalarope  is  in  great  excess  of  its 
stouter  relative.  Thence  north  the  Ked  Phalarope  is  the  more  numerous,  and  especially  so  in  various 
parts  of  the  Arctic.  On  the  northern  coast  of  Siberia  the  Northern  Phalarope  was  found  sparingly, 
whereas  the  other  species  was  in  the  greatest  abundance.  Both  forms  unite  in  the  same  fiocks 
and  were  found  throughout  the  sea  as  far  as  the  Corwin  penetrated  during  the  summer  of  1S8I ; 
but  in  this  part  of  the  range  the  Northern  Phalarope,  in  spite  of  its  name,  was  less  and  less 
numerous  the  farther  north  we  advanced,  while  the  other  species  was  in  equal  number  throughout. 
Both  birds  occur  during  the  migrations  about  the  Aleutian  and  other  islands  of  Bering  Sea.  But 
the  Northern  Phalarope  appears  to  be  the  only  species  breeding  in  the  Aleutian  chain  and  thence 
north  to  Saint  Lawrence  Island,  where  the  Red  Phalarope  nests.  We  learn  from  Nordenskiold 
that  the  Northern  Phalarope  breeds  on  Nova  Zembla  and  at  the  New  Siberian  Islands,  besides 
being  found  all  along  the  North  Siberian  coast. 
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CHEN  HTPERBOREUS  (Pall.)  Bote. 

(115.)  Snow  Goose. 

On  the  American  coast  of  the  Arctic  and  Bering  Sea  this  bird  is  not  very  abundant.  It  occurs 
however,  in  considerable  flocks  for  a  few  days  daring  the  spring  and  fall  migrations^  and  each 
season  a  f  w  are  killed  in  the  vicinity  of  Saint  Michael's  on  Norton  Sound.  Its  occurrence  upon  the 
north  coast  of  Asia  is  attested  by  specimens  captured  by  Nordenskiold's  party  at  Tapkan  in  the 
spring  of  1879.  These  birds  are,  at  present,  like  the  Swan,  unknown  from  the  islands  of  Bering  Sea, 
their  migration  apparently  taking  an  inland  course  rather  than  along  the  shore  lines.  Although 
the  Snow  Geese  are  known  to  nest  in  the  greatest  abundance  in  the  Anderson  River  and  surrounding 
region  along  the  northern  coast  of  British  America,  yet  their  nesting  place  in  Alaska  is  unknown. 
They  certainly  do  not  remain  to  nest  anywhere  along  the  Bering  Sea  coast,  and  we  did  not  see  any 
of  these  birds  along  the  Arctic  shore  to  Point  Barrow;  so  that  if  they  nest  at  all  in  this  region  it 
must  be  on  those  flats  bordering  the  Arctic  shore  east  of  Point  Barrow.  In  autumn  they  leave  for 
the  South  among  the  last  of  the  migrant  geese,  flnding  their  way  to  the  vicinity  of  Saint  Michael's 
towards  the  end  of  September,  although  in  some  seasons  they  appear  before  the  middle  of  this 
month;  they  linger  here  in  autumn  from  ten  days  to  three  weeks,  depending  upon  the  weather  to 
a  great  extent. 

The  great  abundance  of  this  bird  in  California  during  the  winter  season  would  testify  to  its 
breeding  in  great  numbers  somewhere  to  the  north  of  this  region.  But  according  to  my  observations 
on  the  Bering  Sea  coast  of  Alaska  the  bird  must  take  some  other  route  towards  its  northern 
breeding  ground,  and  it  must  undoubtedly  pass  north  from  California,  and  soon  after  cross  the 
mountain  ranges  to  reach  their  eastern  slope,  after  which  the  geese  pass  to  the  Arctic  by  an  inland 
course ;  otherwise  the  Snow  Geese  would  be  found  in  greater  abundance  on  the  coasts  of  this  northern 
territory. 

AN8ER  ALBIFROUS  GAMBELI  (Haiti.)  Cones. 

(116.)  The  Amebioan  White-feonied  Goose. 

This  is  the  most  widely  distributed  and  abundant  Goose  throughout  Northern  Alaska,  extending 
its  habitat  across  to  the  Siberian  coast  of  Bering  Sea,  and  nesting  a«  well  upon  Saint  Lawrence 
Islasd.  We  found  it  in  considerable  numbers  at  the  head  of  Kotzebue  Sound  the  middle  of  July, 
1881,  and  found  many  of  the  adults  with  their  wing  feathers  molted  and  unable  to  fly,  and  the 
young  still  in  downy  plumage  at  that  time.  It  is  extremely  common  from  the  mouth  of  the  Kusko- 
quim  River  to  the  head  of  Kotzebue  Sound,  nesting  everywhere;  thence  north  to  the  extreme 
Arctic  coast  of  the  territory.  Wherever  one  goes,  in  suitable  places,  this  bird  is  certain  to  be 
found.  During  the  spring  and  fall  migrations  the  White-fronted  Goose  is  found  occurring  rather 
sparingly  throughout  the  Aleutian  chain,  having  been  taken  at  Attou,  Ounalaska,  and  Sanak;  but 
their  visits  are  only  made  at  this  season,  as  none  are  known  to  remain  and  breed. 

BERNICLA  CANADENSIS  LEUCOPARIA  (Brandt)  Cass. 

(117.)  The  White-cheeked  Goose. 

The  distribution  of  this  bird  along  the  shores  of  Northern  Alaska  is  almost  identical  with  that 
of  the  White-fronted  Goose,  with  the  addition,  however,  of  the  Aleutian  chain,  which  is  contained 
within  the  breeding  range  of  the  present  bird.  Like  the  last  species,  it  was  found  molting  at  the 
head  of  Kotzebue  Sound  on  July  15,  1881,  where  it  was  very  numerous.  It  occurs  in  the  greatest 
abundance  in  the  vicinity  of  the  Yukon  mouth  and  along  the  adjoining  portion  of  that  coast. 
There  is  no  record  of  its  presence  on  Saint  Lawrence  Island,  but  on  the  western  portion  of  the 
Aleutian  chain  it  is  a  regular  summer  resident,  rearing  its  young  in  considerable  numbers  upon 
the  isolated  islands  there. 

The  natives  at  these  western  islands  have  domesticated  considerable  numbers  of  these  birds, 
and  whether  caused  by  confinement  or  otherwise,  the  white  collar  on  the.  neck,  dividing  the  brown 
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of  the  body-color  from  the  jet-black  of  the  head  and  neck,  was  very  couspicuous,  and  an  inch  in 
width  in  some  specimens  seen  at  Ounalaska  the  autumn  of  1881.  The  small  flock  of  these  Oeese 
seen  at  Ounalaska,  with  their  dark,  handsomely  contrasted  colors  and  gentle  ways,  made  very 
interesting  and  fine-looking  pets.  They  were  noted  upon  the  Seal  Islands  by  Elliot,  who  tells  us 
that  they  occurred  there  as  irregular  or  straggling  visitants,  which  remained  but  a  short  time 
before  resuming  their  line  of  migration.  There  is  no  record  of  this  species  from  the  Siberian  shore, 
where,  however,  it  undoubtedly  occurs.  It  reaches  the  extreme  northern  coast  of  Alaska,  where 
it  breeds. 

BERNICLA  CANADENSIS  OCCIDENT ALIS  (Baird)  Dall  &  Bann. 

(118.)  The  Larger  White-cheeked  Goose. 

The  present  bird,  although  iutergrading  with  the  latter  species,  differs  in  ordinary  examples 
sufficiently  to  be  readily  distinguished,  mainly  by  it^  lighter  colore  and  larger  size.  Its  distribution 
is  somewhat  different  as  well.  I  do  not  know  of  its  occurrence  on  the  Aleutian  chain  ;  and,  in  fact, 
its  abundance  appears  to  be  greatest  at  the  Yukon  mouth  and  thence  up  this  river,  and  perhaps  to 
the  southward.  North  of  the  Yukon  mouth  it  is  much  less  common  than  the  smaller  form,  and  at 
Saint  MichaePs  ten  of  the  smaller  birds  were  secured  to  every  one  of  the  larger  form.  At  the 
Yukon  mouth  the  proportion  of  the  two  forms  is  about  equal.  All  of  the  birds  seen  sufficiently 
near  to  ascertain  their  identity  while  we  were  in  Kotzebue  Sound  were  of  the  smaller  form,  and  I 
doubt  if  the  larger  bird  (the  subject  of  the  present  notes)  occurs  in  any  considerable  numbers  north 
of  the  Bering  Sea  coast,  except  in  the  interior,  where  it  is  found  along  the  course  of  the  Yukon. 

The  true  Canada  Goose,  so  well  known  in  Eastern  North  America,  is  unknown  anywhere  ou 
the  lower  Yukon  and  the  coast  of  Alaska,  either  on  the  Bering  Sea  or  Arctic  shores. 

BERNICLA  NIGRICANS  (Lawr.)  Caas. 

(119.)  The  Black  Beant. 

On  the  shores  of  Bering  Sea,  including  the  various  islands  and  Alaskan  coast,  the  Black  Brant 
occurs  in  large  numbers  during  the  spring  migrations.  During  this  season  it  is  in  such  numbers 
that  it  affords  better  sport  than  all  of  the  other  geese  combined,  and  is  the  bird  which  recurs  most 
frequently  on  the  fur-trader's  table  at  that  season.  In  autumn  it  occurs  much  more  rarely,  only 
straggling  parties  being  found  along  the  shore  as  autumn  closes.  In  DalPs  notes  on  the  ornithology 
of  the  Aleutian  Islands  he  speaks  of  securing  the  eggs  of  this  bird  on  the  Semicki  Islands,  near 
Attou,  and  at  Kyska  and  Amchitka.  This  note,  however,  is  to  be  referred  to  the  White-cheeked 
Goose  which  breeds  on  these  islands,  but  the  Black  Brant  is  unknown  there  during  the  breeding 
season.  Its  farthest  south  breeding  point  which  I  have  been  able  to  ascertain  is  the  Yukon  month, 
where  I  saw  a  single  bird  in  June,  1879;  thence  north  it  is  extremely  rare-  until  the  vicinity  of 
Bering  Strait  is  passed,  after  which  occasional  pairs  occur  with  more  or  less  frequency  during  the 
breeding  season,  until  the  low  northern  coast  from  beyond  Gape  Lisbume  to  Point  Barrow  is 
reached,  and  thence  eastward  the  bird  breeds  in  great  abundance  wherever  the  flat  marshy  country' 
affords  it  suitable  gi-ounds.  While  at  Point  Barrow  in  August,  1881,  a  considerable  number  of 
these  birds  were  brought  off  by  the  natives,  and  an  examination  showed  that  they  were  moulting 
their  quill  feathers,  thus  proving  conclusively  that  they  were  summer  residents  in  the  vicinity. 

Captain  Smith,  an  experienced  whaler  and  trader  in  these  waters,  has  assured  me  of  having 
seen  these  birds  going  and  coming  to  the  northward  of  Point  Barrow,  thus  proving  the  existence 
of  land  farther  north  in  that  direction.  They  are  also  known  to  breed  in  the  greatest  abundance 
along  the  northern  shores  of  British  America,  selecting  the  lower  courses  of  the  large  rivers  which 
flow  into  the  Arctic  in  that  region.  The  natives  informed  me  that  occasional  pairs  were  found 
breeding  in  the  vicinity  of  Saint  Michael's,  but  that  they  were  extremely  rare.  On  the  first  of 
June,  1879,  a  single  pair  were  seen  by  me  a  few  miles  south  of  that  place,  and  by  their  anxiety 
showed  plainly  that  their  nest  was  in  the  vicinity.  This,  with  the  single  individual  seen  at  the 
Yukon  inouth,  is  the  only  instance  which  came  directly  to  my  knowledge  of  its  occurrence  during 
the  breeding  season  south  of  the  Straits.    Although  it  undoubtedly  occurs  on  the  Siberian  shore. 
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yet  it  was  not  noted  by  as  daring  our  cruising  along  that  coast  in  the  sumoier  of  1881,  nor  was  it 
seen  on  Wrangel  Island,  although  on  this  island  we  saw  evidences  of  the  presence  of  some  species 
of  geese ;  but  our  short  stay  prevented  our  ascertaining  their  identity.  Mr.  Dall  tells  us  that  upon 
his  return  to  the  coast  of  California  in  the  latter  part  of  October  enormous  flocks  of  these  birds 
were  seen  about  one  hundred  miles  off  shore  as  they  were  flying  south,  frequently  alighting  in  the 
water  near  the  ship. 

PHILACTE  CAN  AGIO  A  (Bevaat.)  Bannist. 

(120.)  Emperor  Goose. 

This  strange  and  handsome  bird  has  the  most  limited  range  of  any  American  species  of  Goose. 
It  summers  and  raises  its  young  on  the  Bering  Sea  coast  of  Alaska  from  the  mouth  of  the  Kusko- 
quim  River  north  t/o  Bering  Strait;  but  nortli  from  the  Yukon  mouth  it  is  found  very  rarely. 
From  the  Yukon  mouth  south  to  Cape  Vancouver  may  be  taken  as  the  point  of  its  greatest  abun- 
dance.' Here  it  oc<Mirs  in  thousands  every  summer.  From  this  point  it  extends  its  range  to  the 
westward,  and  occurs  in  considerable  numbers  upon  Saint  Lawrence  Island,  where  we  saw 
considerable  numbers  of  them  during  June  24,  1881,  while  we  were  lying  at  anchor  oflf  the  north- 
west end  of  the  island.  During  this  time  abundant  flocks  of  these  birds  were  passing  and 
repassing  along  this  end  of  the  island,  apparently  on  their  way  t^  and  from  some  favorite 
feeding  ground. 

At  East  Cape  several  birds  were  seen  the  ttrst  of  July,  and  they  were  found  by  Nordenskiold, 
arriving  at  his  winter  quarters  at  Tapkan  on  the  northern  coast  of  Siberia  in  the  spring  as  soon  as 
the  snow  left ;  and  he  speaks  of  them  in  his  account  of  the  Vega's  voyage  as  the  "  Painted 
Goose''  of  Pallas.  There  is  a  record  of  two  or  three  instances  of  their  occurrence  in  Port  Clarence,  on 
the  American  shore  of  Bering  Strait,  and  I  know  of  two  pairs  being  taken  in  Golovnin  Bay  on  the 
north  coast  of  Norton  Sound,  and  others  at  Shoktolik,  on  Norton  Bay,  with  the  chain  of  occurrences 
continued  south  by  Saint  MichaeFs  to  the  Yukon  mouth.  But  at  all  these  points  except  the  last  this 
bird  is  very  rare.  Just  how  numerous  it  is  on  the  Siberian  coast  is  still  unknown ;  but  from  its  large 
numbers  along  the  American  shore  and  its  wintering  habitat  restricted  mainly  to  the  Aleutian 
Islands,  where  it  is  found  in  the  greatest  abundance  at  this  season  on  the  various  parts  of  the 
chain,  it  may  be  confidently  designated  as  an  American  species  which  extends  its  range  during 
the  summer  to  portions  of  the  northeastern  Siberian  coast.  My  first  acquaintance  was  made  with 
this  bird  on  Akoutan  Island,  just  east  of  Ounalaska,  in  May,  1877,  when  a  native  brought  one  on 
board  the  vessel ;  and  we  learned  from  him  that  it  is  more  or  less  common  wherever  open  beaches 
are  found  along  these  islands,  and  in  consequence  are  called  ^' Beach  Greese"  by  the  natives.  Those 
groups  of  rocky  islets  to  the  south  of  the  Aleutian  chain,  known  as  the  Shumagin  and  Sanak 
Islands,  and  others  lying  nearer  the  south  shore  of  the  Aliaska  Peninsula  form  the  principal 
wintering  ground  of  this  species ;  thence  to  the  west  along  the  entire  Aleutian  chain  it  occurs, 
but  in  less  numbers  than  on  that  portion  just  mentioned. 

ANAS  B08CA8  Linn. 

(121.)  The  Mallabd  Duck. 

On  the  entire  Bering  Sea  coast  of  Alaska  the  common  Maljard  is  a  comparatively  rare  duck. 
It  is  most  numerous  from  the  northern  shore  of  Norton  Sound  in  the  vicinity  of  Saint  Michael's, 
south  to  the  mouth  of  Kuskoquim  River,  but  is  nowhere  abundant.  It  was  not  seen  by  us  during 
the  cruise  of  the  Corwin,  nor  is  it  recorded  from  the  northeastern  Siberian  coast  or  the  Arctic 
within  the  region  treated  in  this  paper.  Elliot  mentions  a  pair  of  these  binls  which  reared  their 
young  on  the  Saint  Paul  Island  of  the  fur  seal  group  during  the  season  of  1872,  and  several  others 
were  seen  later  in  the  season.  He  also  noted  the  bird  on  Saint  George's  Island,  but  not  as  a 
regular  visitor.  It  is  recorded  by  Mr.  Dall  as  one  of  the  most  abundant  winter  visitors  among  the 
ducks  at  Ounalaska,  occurring  in  considerable  numbers  bi^  October  12, 1871,  and  from  then  until 
the  succeeding  month  of  April  it  was  very  numerous.  It  is  not  known  to  breed  on  the  Aleutian 
Islands,  but  only  along  the  coast  and  islands  to  the  northward. 
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DAFILA  ACUTA  (Linn.)  Bonap. 

(122.)  The  Pintail  Duck. 

This  is  perhaps  the  most  abuudaat  fresh-water  duck  found  on  the  coast  of  Bering  Sea  and 
the  Arctic  shores  to  the  north.  It  nests  yearly  in  the  greatest  abundance  all  along  the  coast  from 
the  peninsula  of  Alaska  to  the  farthest  northern  extreme  of  Alaska  in  the  vicinity  of  Point 
Barrow,  being  perhaps  in  greatest  abundance  on  the  shores  of  Norton  and  Kotzebne  Sounds.  We 
found  them  numerous  about  Kotzebue  Sound  during  our  several  landings  there ;  and  several 
were  seen  on  Saint  Lawrence  Island  in  Bering  Sea  during  our  visits  there.  They  also  occur  on 
the  north  Siberian  coast,  and,  in  fa<5t,  were  noted  at  almost  every  place  we  landed  where  the 
surrounding  country  affords  them  the  proper  marshy  tracts.  While  at  sea,  midway  between  the 
Aleutian  Islands  and  San  Francisco  on  October  15,  1881,  a  bin),  which  at  a  distance  appeared 
very  much  like  the  female  of  this  species,  was  seen  circling  about  overhead  for  ten  or  fifteen 
minutes,  after  which  it  started  oft*  toward  the  south.  *  Whether  this  was  the  present  species  or 
not  it  was  of  course  impossible  to  say,  but  from  its  form  and  motions  it  was  evidently  some  species 
of  fresh- water  duck.  In  autumn  these  birds  become  extremely  fat  and  well-flavored,  and  they  are 
the  finest  table  Duck  aftbrded  in  the  north,  while  their  abundance  renders  them  easily  obtainable 
and  large  numbers  are  secured  by  the  fur  traders  in  autumn  and  stored  for  winter  use.  They 
move  south  among  the  latest  of  the  water  fowl,  the  last  ones  occurring  in  October,  and  they  return 
again  in  spring  when  the  open  spaces  begin  to  appear  in  the  ice  along  the  shore — sometimes  by 
the  first  of  May,  or  even  before  in  unusually  early  seasons.  I  have  seen  sev^eral  of  them  about  one 
of  these  holes  in  the  ice,  caused  by  several  springs  on  the  shore,  when  the  whole  country  was 
covered  with  a  deep  layer  of  snow  and  winter  still  appeared  in  full  force. 

MARECA   PENELOPE  (Linn.)  Selby. 

(123.)  .The  European  Widgeon. 

The  only  record  of  this  species  in  Alaska  is  that  given  by  Elliott,  who  secured  specimens  upon 
the  seal  islands.  He  tells  us  that  he  saw  but  a  few  specimens,  and  these  were  apparently  solitary 
examples,  never  in  pairs,  and  the  few  he  observed  during  his  two  years'  residence  on  the  fur-seal 
islands  were  apparently  windbound  or  straggling  specimens.  This  species  is  also  recorded  by 
Dall  as  obtained  at  Ounalaska  on  the  12th  of  October,  1871,  who  adds  that  it  is  not  uncommon 
among  the  Ducks  brought  in  by  the  native  hunters  at  that  season,  and  tells  us  that  it  migrates 
about  the  Ist  of  May.  It  has  not  been  recorded  from  any  other  points  or  islands  on  the  American 
side  of  the  sea.  But  the  records  quoted  render  it  highly  probable  that  its  capture  on  the  main- 
land is  a  matter  of  time  and  further  work  in  that  region.  In  the  vicinity  of  Saint  Michael's  it  must 
be  extremely  rare,  as  I  carefully  examined  all  the  Ducks  brought  in  during  my  residence  at  that 
place  with  the  hope  of  securing  some  of  these  birds,  but  failed. 

MARECA  AMERICANA  (Gmel.)  Bteph. 

(124.)  American  Widgeon. 

On  the  Norton  Sound  coast  of  Bering  Sea  this  is  a  common  bird.  It  is  found  breeding  along 
the  entire  Alaskan  coast  of  Bering  Sea  and  north  to  Kotzebue  Sound  and  the  Arctic  c  )ast  beyond. 
It  was  not  noted  by  us  upon  any  of  the  islands  visited  in  the  vicinity  of  Bering  Strait  during  the 
summer  of  1881,  nor  on  the  Siberian  shore.  But  on  September  6  of  that  year,  when  we  visited  the 
shore  at  Hotham  Inlet,  in  Kotzebue  Sound,  a  number  were  obtained  from  the  natives,  who  told  us 
that  they  were  numerous  in  that  vicinity  at  the  time.  They  leave  for  the  south  a  little  earlier  than 
the  Pin-tailed  Duck  and  arrive  later  in  spring. 

SPATULA  CL7PEATA  (Linn.)  Boie. 

(125.)  Spoon  BILLED  Duck. 

Along  the  Alaskan  cojist  of  Bering  Sea,  mainly  limited  to  that  portion  between  the  head  of 
Norton  Sound  and  mouth  of  the  Kuskoquim  River,  this  Duck  is  not  uncommon,  although  it  is 
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nowhere  abundant.  In  the  vicinity  of  Saint  Michael's  it  arrives  in  spring  about  the  middle  of 
May  with  the  majority  of  other  migrating  water  fowl  and  nests  on  the  surrounding  flats,  leaving 
for  the  South  towards  the  end  of  September.  It  has  not  been  recorded  from  any  of  the  Bering  Sea 
islands,  nor  do  I  know  of  its  having  been  taken  on  the  northeastern  shore  of  Siberia.  It  is  found, 
however,  on  the  Arctic  shore  of  Alaska,  north  to  Kotzebue  Sound,  if  not  beyond,  and  a  few  indi. 
viduals  were  observed  by  us  towards  the  middle  of  September,  1881,  at  the  head  of  Escholtz 
Bay. 

QUERQUEDULA  DI8COR8  (Linn.)  Steph. 

(126.)  Blue- WINGED  Teal. 

During  the  time  of  my  residence  on  Norton  Sound  not  a  single  individual  of  this  bird  was 
taken  among  the  many  hundreds  of /ducks  secured  by  the  various  huuters  about  the  station.  It 
occurs,  however,  very  rarely  at  this  i)lace,  and  is  recorded  by  Dall  as  being  found  sparingly  at  the 
Yukon  mouth.  Mr.  Bannister  notes  it  as  not  uncommon  at  Saint  Michael's  in  early  spring;  but 
there  must  be  some  error  in  this  record  from  the  great  scarcity  of  the  bird  at  the  same  locality 
during  the  period  of  my  residence  there.  Captain  Smith  saw  the  bird  and  obtained  its  eggs  from 
near  Cape  Romanzofif  5  and  this  coi»[)letes  our  record  of  this  teal  within  the  region  treated  in  the 
present  paper.  It  is  mentioned  by  Mr.  Dall  as  perhaps  occurring  at  Ounalaska  in  winter,  but  this 
was  merely  surmised,  as  no  specimens  were  obtained  and  the  habits  of  this  species  are  such  that 
there  is  little  probability  of  its  occurring  there. 

NETTION  CAROLINEN8IS  (Gmel.)  Baird. 

(127.)  Green-winged  Teal. 

This  handsome  bird  is  the  smallest  Duck  found  in  the  north, .and  occurs  rather  frequently 
along  the  Alaskan  shore  of  Bering  Sea,  and  ranges  nortH  nearly  if  not  quite  to  Point  Barrow, 
along  the  shore  of  the  Arctic.  It  has  been  found  as  a  summer  resident  of  the  Aleutian  Islands  as 
far  west  as  Kyska,  and  is  occasionally  at  Attou,  near  the  western  extreme  of  the  chain.  Mr.  Dall 
tells  us  that  it  was  upon  this  species  they  relied  mainly  for  supplying  their  table  during  their 
surveying  in  the  western  portion  of  the  Aleutian  chain,  and  he  found  the  young  ones  abundant  at 
Amchitka  in  July.  Further  to  the  north,  however,  it  is  less  numerous,  and  although  generally 
distributed,  and  rather  common,  yet  during  a  day's  shooting  one  would  scarcely  see  more  than  a 
half  dozen  or  so  of  this  species  at  most  localities.  They  arrive  early  in  the  spring — about  the 
middle  of  May  or  thereabouts — before  the  ice  and  snow  have  more  than  partly  disappeared.  It  is 
not  known  from  the  Siberian  shore,  nor  from  the  islands  of  Bering  Sea,  except  the  Aleutian  chain, 
although  it  undoubtedly  breeds  upon  Saint  Lawrence  Island.  A  number  of  these  birds  were 
bought  from  the  natives  of  Hotham  Inlet  in  Kotzebue  Sound,  September  6, 1881,  where  they  were 
apparently  numerous  at  the  time. 

FULIX  MARILA  (Linn.)  Baird. 

(128.)  Scaup  Duck. 

This  is  one  of  the  most  abundant  Ducks  in  the  north,  being  found  breeding  almost  every- 
where on  the  marshy  flats  and  lake-dotted  tundra  of  the  mainland,  and  extending  its  •range  to 
such  islands  as  afford  it  suitable  feeding  grounds.  Both  this  and  the  smaller  species,  affiniSj  are 
recorded  by  Dall  as  occurring  at  the  Yukon  mouth;  but  according  to  the  observations  I  was 
enabled  to  make  at  that  locality  and  in  the  adjoining  region,  among  hundreds  of  Scaup  Ducks 
seen  not  a  single  individual  could  be  referred  to  anything  but  the  common  large-billed  species, 
and  I  do  not  think  affinis  reaches  the  sea-shore  of  Northern  Alaska.  The  large  Scaup,  however, 
as  before  noted,  is  extremely  numerous  and  hatches  its  young  on  the  borders  of  almost  every 
lakelet  and  pool  along  the  entire  coast.  It  occurs  on  Saint  Lawrence  Island  and  north  about 
the  shores  of  Kotzebue  Sound,  and  probably  beyond  to  the  extreme  north  coast  of  the  territory. 
It  was  not  noted  by  us  upon  the  northeastern  shore  of  Siberia,  but  undoubtedly  occurs  there 
during  the  summer. 
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CLANGULA  GLAUCIUM  AMERICANA  (Bp.)  Ridgw. 

(129.)  American  Golden-eye. 

Thi8  is  a  very  rare  species  on  the  shores  of  Bering  Sea.  The  ouly  iiistauce  where  I  met  with 
it  alive  was  late  in  autumn  near  Saint  MichaeFs,  where  a  party  of  four  was  seen  in  a  small  pond, 
three  of  which  were  secured.  It  occurs  more  commonly  along  the  streams  of  the  interior,  but  it 
is  rare  along  the  sea-shore,  and  I  have  no  record  of  its  presence  about  Kotzebue  Sound,  although 
it  undoubtedly  reaches  that  point.  It  is  unknown  from  the  islands  of  Bering  Sea  and  the  north- 
eastern shore  of  Siberia. 

CLANGULA  ALBEOLA  (Linn.)  Steph. 
(130.)   BUTTRE-BALL  DlTCK. 

This  beautiful  little  Duck  is  imported  by  Mr.  Dall  as  not  uncommon  at  the  Yukon  mouth, 
where  it  breeds^  but  no  specimens  of  it  were  noted  during  my  residence  at  Saint  Michael's,  nor 
did  I  see  it  on  my  visit  to  the  Yukon  mouth  in  the  spring  of  1879.  Mr.  Dall's  record  is  the  only  one 
attributing  this  species  to  the  shore  of  Bering  Sea,  and  no  further  records  are  at  hand  of  its 
fK5currence  in  that  region.  It  is  also  unknown  from  the  shores  of  the  Arctic  coast  of  Alaska  and 
Kotzebue  Sound  in  addition  to  the  islands  and  Siberian  coast  visited  by  the  Corwin. 

HIBTRIGNICUS  MINUTUS  (Linn.)  Dresser. 

(131.)  Harlequin  Duck. 

This  richly-marked  bird  is  found  on  the  shores  and  islands  of  Bering  Sea,  extending  into  the 
Arctic,  but  north  of  the  Straits  it  is  much  less  numerous.  On  the  Aleutian  Islands  it  is  an  abundant 
species,  especially  in  winter  and  spring.  During  May,  1877,  at  Ounalaska  they  were  extremely 
numerous  in  large  flocks,  frequenting  the  inner  harbors,  but  were  too  shy  to  allow  close  approach, 
Mr.  Dall  informs  us  that  they  remain  later  than  most  other  Ducks ;  and  also  not^es  their  occurrence 
in  summer  on  the  Shnmagin  Islands.  It  breeds  along  the  coast  to  the  north  ward  from  these 
islands;  and  Elliott  records  it  as  being  extremely  numerous  about  the  fur-seal  islands,  where 
it  occurred  close  along  the  beach  in  flocks  of  hundreds,  keeping  closely  bunched  together,  and 
comparatively  heedless  of  approach.  This  author  records  his  total  inability  to  secure  any  of  the 
eggs  of  this  bird,  although  they  were  permanently  resident  there  in  summer,  and  he  offered  large 
rewards  to  the  natives.  The  females  appeared  to  outnumber  the  males  two  to  one,  and  he  was 
at  a  loss  to  account  for  not  securing  its  nest.  The  probability  is  that  these  b  irds  were  barren 
females,  or  young  of  the  preceding  year,  which  for  some  cause  did  not  pass  to  their  northern 
breeding  ground,  but  remained  here,  feeding  upon  the  abundant  animal  life  found  in  these  waters. 
It  haunts  the  clear  cold  streams  of  the  interior  which  flow  down  the  mountains  and  empty  into 
the  Yukon  and  its  tributaries.  The  bird  seeks  secluded  pools  in  these  waters,  and  the  natives 
when  wishing  to  hunt  tliem  proceed  up  a  considerable  distiince  on  the  course  of  the  stream  in 
their  birch  canoes,  and  then  float  silently  down  with  the  current,  gun  in  hand,  and  secure  the  birds 
before  they  become  aware  of  being  approached;  otherwise,  if  the  birds'  attention  is  attracted  they 
are  said  tD  dive  with  such  rapidity  that  it  is  almost  an  impossibility  to  secure  them;  but  by 
remaining  perfectly  quiet  in  the  canoe  they  are  easily  approached  and  killed.  Around  the  shore  of 
Norton's  Sound  this  duck  is  not  common  in  spring,  occurring  very  rarely  as  a  migrant,  and  nesting 
only  along  the  streams  flowing  into  this  body  of  water.  When  the  young  are  ready  to  take  wing — 
during  August,  or  from  the  last  of  July  until  September — they  become  more  and  more  common 
on  the  rocky  portions  of  the  shore,  frequenting  the  same  localities  and  often  joining  in  flocks  of 
the  Scoters.  I  have  generally  found  them  thus  associated,  or  sunning  themselves  upon  the 
projecting  rocks  and  reefs  at  low  tide  during. this  season.  They  are  used  by  the  natives  of  the 
interior  as  toys,  the  bird  being  skinned,  stuffed  with  moss  and  decorated  with  beads  and  bright 
colored  threads  to  serve  as  dolls  for  the  children,  their  handsomely  variegated  plumage  attracting 
the  eyes  of  the  savages. 
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The  Harleqiiiu  is  also  foand  along  the  northeastern  shore  of  Siberia,  ar\d  visits  all  the  Bering 
Sea  islands  daring  the  summer.  It  was  not  seen  by  us,  however,  in  the  Arctic  during  the  cruise 
of  the  Corwin,  and  if  it  occurs  there  it  must  be  a«  a  straggler  or  very  rare  summer  visitant. 

HARELDA  GLACIALIS  (Linn.)  Leach. 

(132.)    Old  Squaw  Duck. 

• 

Everywhere  around  the  islands  of  Bering  Sea  and  the  mainland  coast,  extending  through 
the  Straits  and  along  both  the  Alaskan  and  Siberian  shores  to  the  farthest  limit  of  land,  this 
peculiar  Duck  is  found  in  abundance.  It  is  a  noisy  bird  in  spring,  with  a  loud  and  sonorous  not«, 
and  occurs  everywhere  on  the  sea  among  the  drifting  ice,  or  on  shore  in  secluded  pools  and  small 
sluggish  streams.  It  occurs  as  a  resident  on  the  fur-seal  islands,  and  upon  the  Aleutian  chain. 
It  was  also  seen  about  Saint  Lawrence  Island  during  our  visits  there  in  June  and  July,  1881,  and 
was  common  at  East  Cape,  Siberia,  as  well  as  along  the  north  coast  of  this  laud.  It  is  reported 
as  being  a  common  species  at  Nova  Zembla  by  Nordenskiold,  and  a  recent  letter  in  the  New  York 
Herald  from  the  naturalist  of  the  Jeannette  reports  them  common  August  30,  1881,  onJThaddeus 
Island,  one  of  the  Liakhov  group,  as  the  Jeannette  party  were  making  their  way  to  the  mouth  of 
the  Lena  after  losing  their  vessel.  Its  habits  are  a  strange  combination  of  the  salt  and  fresh 
water  Ducks  in  Alaska,  as  it  appears  to  frequent  indifferently  the  rocky  islands  surrounded  by 
the  seA  with  an  entire  lack  of  fresh  wat€r,  or  is  found  far  i\p  the  Yukon,  where  fresh  water  alone 
exists.  It  has  a  peculiar  and  rather  musical  note,  making  it  one  of  the  most  conspicuous  birds 
on  the  ponds  and  streams  of  the  sea-coast  and  marshes  about  the  mouth  of  the  Yukon,  where  in 
spring  its  loud  cries  and  lively  mauhers  make  it  a  very  amusing  and  interesting  bird.  It  arrives 
in  the  sea  with  the  first  openings  in  the  ice  during  April  each  spring,  or  in  earlier  seasons  the  last 
of  March.  These  ducks  are  very  much  emaciated  at  this  date,  but  gradually  regain  their  flesh, 
until  in  May  the  ponds  open  on  shore  and  allow  them  to  seek  their  nesting  grounds.  In  the 
autumn  they  remain  until  the  sea  freezes  over,  and  thus  closes  their  only  means  of  gaining 
subsistence,  after  which  they  are  forced  to  depart  for  the  South. 

POL78TICTA  8TELLERI  (Pall.)  Brandt. 
(133.)  STELLEB'S  EtDEB. 

•  

The  present  species  is  widelj'  distributed  over  the  coasts  of  Bering  Sea,  occurring  on  both  the 
mainlands  as  well  as  about  all  the  islands  of  this  water.  It  was  found  merely  as  a  straggler  upon 
the  fur-seal  islands  by  Elliott,  but  is  extremely  numerous  on  the  Aleutian  chain  in  winter  where  it 
occurs  as  a  very  abundant  resident  at  this  season,  joining  sometimes  in  flocks  with  the  King  Eider. 
Dall  informs  us  that  it  pairs  early  in  May  and  breeds  upon  the  Aleutian  chain.  The  larger 
number,  however,  pass  farther  north  at  this  season.  During  my  visit  to  Ounalaska  in  May,  1877, 
these  birds  were  found  in  small  numbers  scattered  over  the  inner  harbors,  but  were  extremely  shy, 
and  notwithstanding  repeated  efforts  to  secure  them  they  invariably  took  flight  long  before  my 
approach  within  gunshot.  They  have  been  reported  as  wintering  in  great  abundance  upon  Sanakh 
Island,  and  as  occurring  in  large  numbers  on  the  north  coast  of  Aliaska  Peninsula  during  the 
summer.  North  along  the  coast  of  Norton  Sound  they  are  only  known  as  autupinal  visitants. 
Each  fall,  just  before  the  inner  bays  freeze  over  in  October,  a  number  of  these  birds  are  found 
sometimes  in  considerable  flocks  feeding  about  the  tide-rips,  and  at  this  season  I  secured  a  number 
of  specimens ;  but  no  adults  were  ever  noted  at  this  locality,  and  I  do  not  know  of  the  bird's  occur- 
rence in  spring,  although  it  may  be  taken  as  a  rare  straggler.  It  was  not  noted  by  us  anywhere 
along  the  coast  of  Alaska  from  Saint  Michael's  north  through  Bering  Strait  to  Point  Barrow  ^  but 
we  found  a  number  of  them  the  flrst  of  July  in  the  brackish  ponds  on  Saint  Lawrence  Island, 
where  they  were  evidently  breeding,  and  again  on  the  north  coast  of  Siberia  they  were  excessively 
numerous.  Flocks  of  thousands  were  found  about  Cape  Wankarom  during  our  stay  there  the 
first  of  August,  1881,  and,  in  company  with  an  equal  number  of  King  Eiders  and  a  few  of  the 
Pacific  Eider,  were  seen  passing  out  and  in  each  evening  to  and  from  the  large  estuary  back  of  the 
native  village.    This  village  was  built  ui)on  the  spit  cutting  this  estuary  from  the  sea  at  this 
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place,  and  lay  directly  in  the  track  of  flight  followed  by  these  Eiders  as  they  passed  to  or  from 
the  sea.  As  these  flocks  passed  back  and  forth  the  birds  were  being  continually  brought  down 
by  the  slings  thrown  into  the  midst  of  the  passing  birds  by  the  natives ;  yet,  notwithstanding 
this,  the  birds  continued  from  day  to  day  the  entire  season  to  pass  and  repass  this  place.  Their 
heedlessness  in  this  respect  may  be  accounted  for  from  the  fact  that  these  people  were  without 
guns  of  any  kind,  and  were  thus  unable  to  frighten  them  by  the  noise  of  the  discharge.  The  birds 
were  easily  called  from  their  course  of  flight,  as  we  repeatedly  observed.  If  a  flock  Should  be 
passing  a  hundred  yards  or  more  to  one  side,  the  natives  would  utter  a  long,  peculiar  cry,  and 
the  flock  would  turn  instantly  to  one  side  and  sweep  by  in  a  circuit,  thus  affording  the  coveted 
opportunity  for  bringing  down  some  of  their  number.  These  flocks  generally  contained  a  mixture 
of  about  one-twentieth  of  the  number  Pacific  Eiders,  and  the  remainder  about  equally  divided  of 
Stellers  and  the  King  Eiders.  At  times  the  entire  community  of  these  birds,  which  made  this 
Wcinity  their  haunt,  would  pass  out  in  a  solid  body,  and  the  flock  thus  formed  exceeded  in  size 
anything  of  the  kind  I  ever  witnessed. 

The  first  night  of  our  arrival  was  calm  and  misty,  the  water  having  that  peculiar  glassy  smooth- 
ness seen^t  such  times,  and  the  landscape  rendered  indistinct  at  a  short  .distance  by  a  slight  misti- 
ness. Soon  after  we  came  to  anchor  before  the  native  village  this  body  of  birds  arose  from  the 
estuary  a  mile  or  two  beyond  the  natives'  huts,,  and  came  streaming  out  in  a  flock  which  appeared 
endless.  It  was  fully  three  to  four  miles  in  length,  and  considering  the  species  which  made  up  this 
gathering  of  birds  it  was  enough  to  make  an  enthusiastic  ornithologist  wild  with  a  desire  to  possess 
some  of  the  beautiful  specimens  which  were  seen  filing  by  within  gunshot  of  the  vessel.  A  little 
later  in  the  evening  the  natives  brought  oft'  a  considerable  number  of  the  birds  which  they  had 
killed  with  their  slings,  and  during  our  stay  at  this  place,  the  following  day,  we  saw  large  num- 
bers of  them  killed  with  these  implements,  and  a  few  were  obtained  with  our  guns.  This  portion 
of  the  Siberian  coast  appears  to  be  the  grand  summer  resort  of  this  Eider,  as  the  Aleutian  Islands 
form  its  wintering  ground.  One  of  the  remarkable  facts  in  the  history  of  its  distribution,  however, 
is  sho^Ti  in  its  total  absence  on  the  opposite  American  coast  of  the  Arctic  where  the  surroundings 
appear  to  be  almost  identical  with  those  found  on  the  Siberian  shore,  yet  for  all  the  thousands  of 
these  birds  seen  on  this  latter  coast  not  one  was  noted  on  the  American  shore,  although  the  King 
Eider  occurs  equall  j^  numerous  upon  both  sides  of  the  Arctic. 

LAMPRONETTA   FISCHERI  Brandt. 

(134.)  Spectacled  Eidee. 

Along  the  Alaskan  shore  of  the  Bering  Sea,  from  the  mouth  of  the  Kuskoquim  River  north  to 
the  head  of  Norton  Sound,  the  present  bird  is  a  rather  common  and  in  some  places  abundant 
summer  resident,  nesting  and  rearing  its  young  along  the  borders  of  the  numerous  brackish  pools 
which  are  found  so  abundantly  in  the  low  marshy  land  of  this  region.  It  was  not  seen  else- 
where during  the  cruise  of  the  Corwin,  and  it  is  doubtful  if  it  ever  readies  the  shores  of  the 
Arctic  Ocean,  although  it  may  occur  occasionally  about  Kotzebue  Sound.  Dall  records  it  as 
occuring  rarely  at  Unalaska,  and  we  learn  from  him  that  it  is  a  rather  rare  and  very  shy  winter 
visitant,  migrating  early  in  May  to  its  breeding  grounds  to  the  north.  The  southern  limit  of  its 
winter  habitat  is  unknown,  and  from  the  known  range  of  this  species  at  present  it  appears  to  be 
one  of  the  most  narrowly  limited  of  our  sea  fowl,  even  having  a  narrower  territory  than  is  covered 
by  the  Emperor  Goose,  which  joins  with  it  in  a  great  portion  of  its  range. 

September  15, 1881,  when  we  were  approaching  Saint  Michael's  and  about  twenty-five  miles 
off*  the  outer  end  of  Stewart's  Island,  in  Norton  Sound,  a  large  flock  of  these  Eider  were  seen, 
consisting  almost  entirely  of  males.  They  were  in  fall  plumage,  with  the  dark  areas  much  more 
extended  than  in  spring,  and  appearing  considerably  different  from  the  bird  as  seen  then,  but 
readily  recognizable  by  the  large  velvety  white  patch  surrounding  the  eye.  Unlike  the  common 
Eider  of  the  North,  Vnigray  the  males  do  n.otpass  the  most  of  their  time  at  sea  during  the  breeding 
season  but  keep  near  their  mates,  frequenting  the  brackish  ponds  and  tide  creeks  along  the  shore 
until  the  young  are  hatched. 
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SOMATERIA  V-NIORA  Gray. 

(135.)  Pacific  Eider. 

This  species  of  Eider  is  found  everywhere  about  the  shores  and  islands  of  Bering  Sea,  and 
nest^  throughout  nearly  all  this  range.  While  at  Sanakh  Island,  near  the  eastern  end  of  the 
Aleutian  <^ain,  the  middle  of  May,  1877,  considerable  numbers  of  these  birds  were  found  upon 
the  outlying  reefs  and  exposed  rocks.  They  were  then  in  decreased  numbers,  as  we  were  told  by  the 
residents  that  they  visit  this  portion  of  tlie  Territory  in  greatest  abundance  during  the  winter 
season.  As  is  well  known,  the  nesting  range  of  this  bird  extends  from  its  highest  northern  point 
south  to  the  Farallon  Islands,  oft'  San  Francisco,  and  perhaps  still  farther  to  the  south.  Mr.  Dall 
reports  them  as  wintering  abundantly  at  Ounalaska  and  breeding  in  large  numbers  along  the 
western  portion  of  the  Aleutian  chain  during  the  summer.  At  Plover  Bay,  on  the  Siberian  shore, 
June  26,  1881,  a  few  pairs  were  seen,  and  again  the  first  of  July  at  East  Cape,  Siberia.  It  was 
found  sparingly  along  the  entire  northeastern  Siberian  shore  from  Plover  Bay  around  through 
the  Straits  and  nests  nearly  to  Cape  North. 

As  previously  mentioned,  it  was  joined  with  the  King  Eider  and  Steller's  Duck  in  the  immense 
flocks  of  these  birds  which  were  frequenting  the  estuary  of  the  river  near  Cape  Wankarem,  but 
the  present  species  was  very  decidedly  in  the  minority.  A  few  of  these  birds  were  also  found  at 
Point  Barrow,'  Alaska,  on  August  16,  1881,  and  thence  south  along  the  coast  they  were  found 
much  less  numerous  than  the  King  Eider  until  Kotzebue  Sound  is  reached ;  and  thence  south 
along  the  coast  of  Alaska  the  King  Eider  is  replaced  almost  entirely  during  the  summer  by  the 
present  species. 

The  last  of  August,  1881,  as  we  left  Point  Hope,  Alaska,  and  were  midway  between  that  place 
and  Bering  Strait,  several  of  these  Eiders  passed  us  on  their  way  South,  showing  that  the  autumnal 
migration  commences  very  early  in  the  season  with  them. 

This  species  is  said  to  be  extremely  abundant  on  the  north  coast  of  British  America, 
especially  between  the  mouths  of  the  Mackenzie  and  Coppermine  Rivers,  where  it  is  said  to  occur 
in  greatest  numbers.  From  the  western  limit  of  that  portion  of  the  Arctic  bordering  the  Bering 
Strait  region,  west  to  Spitzbergen  and  the  North  Atlantic,  the  common  eider  duck  is  found 
replacing  the  Pacific  Eider.  On  Spitzbergen  it  nests  in  colonies,  and  the  Walrus  hunters  of  that 
sea  credit  the  females  with  stealing  eggs  from  one  another.  The  male  bird  is  said  to  remain  in 
the  vicinity  and  watches  while  the  female  sits  upon  the  eggs,  giving  the  alarm  at  the  approach  of 
any  danger. 

SOMATERIA  SPECTABILIS  (Linn.)  Boie. 

(136.)  The  King  Eider. 

• 

The  King  Eider  is  found  in  great  abundance  along  the  Aleutian  Islands  during  winter,  some 
remaining  to  breed,  and  thence  north  in  summer  along  the  Siberian  coast  of  Bering  Sea  and  the 
northeastern  Arctic  shore  of  Siberia.  Although  so  numerous  on  the  Siberian  coast  in  summer, 
yet  on  the  Bering  Sea  coa«t  of  Ahiska  it  is  a  very  rare  bird,  occurring  only  as  a  straggler. 
Among  the  large  number  of  Eiders  secured  by  me  during  my  residence  at  Saint  Michael's  not  a 
single  individual  of  this  bird  was  obtained,  although  it  was  well  known  to  the  natives  and  reported 
by  them  as  being  seen  occasionally  while  they  were  seal  hunting  far  off  shore.  After  Bering  Strait 
is  passed,  however,  following  along  the .  north  Alaskan  shore  in  the  Arctic  to  Point  Barrow,  the 
King  Eider  is  found  to  be  very  abundant,  becoming  more  and  more  numerous  the  farther  north 
we  reached,  until  along  the  stretch  of  coast  between  Icy  Cape  and  Point  Barrow  we  found  them 
in  large  flocks  in  the  summer  of  1881.  Off  Cape  Serdze  Kamen,  Siberia,  northwest  of  the  Strait, 
large  numbers  of  these  birds  were  seen  on  July  9,  1881,  and  they  were  again  found  at  various 
points  along  that  coast  where  we  touched.  Nordenskiold  reports  it  as  occurring  at  Spitzbergen, 
but  as  being  more  numerous  on  the  shores  of  Nova  Zemlya. 

August  11, 1881,  as  the  Corwiri  was  making  her  way  towards  Wrangel  Island,  a  number  of 
these  birds  were  seen  sitting  upon  the  ice,  and  remained  gazing  stupidly  at  the  vessel  until  she 
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approached  within  fifty  or  sixty  yards,  when  they  splashed  off  into  the  water  and  took  wing. 
Again  the  next  morning,  as  we  landed  at  the  mouth  of  the  river  on  Wrangel  Island,  a  female  with 
her  young  swam  away  from  the  beach  and  passed  out  of  sight  around  the  adjacent  point,  thus 
proving  conclusively  that  the  bird  nests  upon  this  land. 

At  Cape  Wankarem,  Siberia,  August  5,  the  same  summer,  the  natives  brought  off  to  us  large 
numbers  of  these  birds,  which  they  killed  with  slings  as  described  under  the  Steller's  Eider.  This 
latter  species,  with  the  King  Eider,  formed  the  main  body  of  the  great  flocks  of  Eiders  which  were 
continually  x)assing  and  repassing  during  the  time  of  our  stay  at  that  place.  At  Point  Barrow, 
Alaska,  on  August  16,  they  were  also  in  great  abundance,  and  appeared  to  have  the  same  habit  as 
observed  at  Wankarem  of  flying  to  and  from  the  sea  Jicross  the  low  sandy  spit  separating  the  bay 
at  the  point  from  the  sea. 

GBDEMIA  AMERICANA  Sw.  &  Rich. 

(137.)  American  Scoter. 

« 

Aloug  the  Alaskan  coast  of  Bering  Sea  this  species  nests  in  considerable  numbers  wherever 
the  low,  marshy  character  of  the  coast  affords  it  proper  ground.  It  occurs  sparingly  upon  Saint 
Lawrence  Island,  and  thence  north  through  Bering  Strait  to  the  shores  of  Kotzebue  Sound,  in  the 
Arctic,  and  upon  the  northeastern  coast  of  Siberia  mainly  south  of  Bering  Strait.  In  the  Aleutian 
Islands  it  is  a  common  winter  resident,  but  is  not  known  to  breed  there. 

MELANETTA  FUSCA  (Linn.)  Boie. 

(138.)  Velvet  Scoter. 

Like  the  preceding,  this  bir(l  is  rather  numerous  along  the  coast  of  Norton  Sound,  but  occurs 
mainly  in  autumn  after  the  breeding  season  is  finished.  It  is  not  found  nesting  so  commonly  as 
the  American  Scoter  in  this  region,  but  probably  passes  farther  to  the  north.  It  was  seen  in  the 
vicinity  of  Kotzebue  Sound  during  the  cruise  of  the  Corwin,  and  across  the  Arctic  to  the  Siberian 
shore,  where,  at  Cape  Wankarem,  on  August  7,  1881,  a  considerable  number  of  these  birds  were 
seen  upon  the  rocks  at  the  points  of  the  cape.  Later  in  the  summer,  as  we  steamed  south  along 
the  shore  of  Siberia  from  Bering  Strait,  quite  a  number  of  these  birds  with  the  last  named  species 
were  seen  in  the  sea  off  shore.  A  month  earlier  in  the  season  none  had  been  seen  at  this  point, 
but  these  birds  were  probably  those  which  had  nested  on  shore  at  these  points  and  were  now 
returning  to  their  usual  habits  of  frequenting  the  sea.  This  species  is  also  found  at  Ounalaska, 
where  Dall  obtained  specimens  in  October ;  and  at  the  last  of  May,  1877,  they  were  quite  nnmer 
ous  there  and  I  secured  several  individuals  during  my  stay  at  that  place. 

PELIONETTA    PERSPICILLATA  (Linn.)  Kaap. 

(139.)  The  Surf  Duck. 

This  is  perhaps  the  least  common  of  the  Scoters  on  the  shores  of  Bering  Sea,  but  occurs 
rather  commonly  in  the  vicinity  of  Saint  Michael's,  Norton  Sound,  every  autumn,  and  again  in 
spring.  A  number  of  individuals  were  seen  off  the  northeast  coast  of  Siberia  the  last  of 
August  as  we  passed  out  of  the  Arctic  in  the  Corwin.  It  was  also  seen  with  the  preceding 
species  on  the  rocks  at  Cape  Wankarem  the  Ist  of  August,  and  several  times  along  the  American 
shore  of  the  Arctic  in  autumn.  It  was  not  observed  by  me  during  the  breeding  season  at  the 
Yukon  mouth  in  1879,  nor  in  the  vicinity  of  Saint  Michael's,  but  as  its  eggs  were  obtained  by 
Bischoft'  in  the  vicinity  of  Sitka,  it  undoubtedly  includes  the  entire  coast,  thence  north,  in  its 
breeding  range. 

MEROUS  MERGANSER  AMERICANUS  (Cass.)  Ridgw. 

(140.)  American  Sheldrake. 

Dall  records  several  specimens  killed  on  December  20  at  Ounalaska  in  the  outer  bay  after  a 
storm,  and  states  that  it  cannot  be  considered  as  more  than  an  accideutal  visitor,  although  it  is 
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reported  to  be  common  in  winter  at  the  seal  isLands.  This  is  probably  au  error,  as  Elliott  makes 
no  corroboration  of  this.  I  have  not  observed  this  species  anywhere  along  the  Alaskan  or 
Siberian  coasts,  and  it  must  be  exceedingly  rare  upon  the  former  coast,  as  the  natives  were  unable 
to  give  me  any  information  concerning  it,  notwithstanding  repeated  inquiries  made  both  at  the 
Yukon  mouth  and  in  the  vicinity  of  Saint  Michael's;  nor  was  it  observed  anywhere  at  the  various 
points  we  landed,  both  on  the  Siberian  and  the  American  coasts  of  Bering  Sea  and  the  Arctic 
during  the  cruise  of  the  Cor  win. 

MEROUS  SERRATOR  Linn. 

(141.)  Redbbeasted  Fish  Duck. 

This  is  the  commonest  species  of  sheldrake,  occurring  upon  both  shores  of  Bering  Sea.  It 
nests  upon  Saint  Lawrence  Island  and  along  both  the  American  and  Siberian  coasts.  On  the 
former  coast  it  is  common,  and  in  many  places  is  au  abundant  bird.  It  has  also  been  taken 
upon  the  Aleutian  Islands  by  Dall,-who  secured  specimens  at  Amchitka.  Along  the  Alaskan 
coast  of  the  Arctic  to  Point  Barrow  it  is  also  found  in  varying  Jibundance.  Although  we  did  not 
observe  it  on  the  Siberian  coast  of  the  Arctic  during  the  summer  of  1881,  yet  its  known  distribu- 
tion on  the  adjoining  shores  and  islands  would  indicate  that  it  is  found  there  as  well. 

LOPHODYTES  CUCULLATUS  (Linn.)  Reich. 

(142.)  Hooded  Sheldrake. 

A  single  large  flock  of  this  handsome  bird  was  seen  by  Mr.  Bannister  in  the  vicinity  of 
Saint  Michael's  in  October,  1865,  just  before  the  harbor  became  frozen  over.  This  is  the  only 
record  I  possess  of  the  occurrence  of  this  bird  in  the  waters  of  Bering  Sea.  It  was  not  seen  by 
us  during  the  cruise  of  the  Corwin  on  either  shore,  and  as  not  a  single  example  was  observed 
during  my  residence  at  Saint  Michael's  the  species  is  undoubtedly  extremely  rare  on  the  western 
coast  of  Alaska. 

GROCULID.E.    CORMORANTS. 

PHALACROCORAX  VIOLACEUS  (Omel.)  Ridgw. 
(143.)   ViOLET-GBEEN  COEMOEANT. 

This  handsomely  colored  Cormorant  is  the  commonest  of  its  kind  along  the  Aleutian  chain 
and  about  the  shores  of  the  various  islands  in  Bering  Sea,  visiting  both  shores  in  addition  wherever 
the  coast  assumes  a  bold,  rocky  character,  aftbnling  the  birds  suitable  nesting  places.  It  is  found 
sparingly  on  the  islands  in  Bering  Strait,  and  thence  extends  through  into  the  Arctic,  being  found 
upon  both  shores  there  as  in  Bering  Sea.  It  is  not  numerous  in  the  vicinity  of  Saint  Michael's 
and  the  Yukon  mouth,  mainly  owing  to  the  low  character  of  the  coast,  but  towards  the  head  of 
Norton  Sound  it  nests  in  large  numbers  upon  the  bold  cliffs  fronting  the  sea  in  that  vicinity*. 

At  Plover  Bay  during  our  visits  in  June  and  July,  1881,  these  birds  were  very  numerous,  and 
were  noted  at  various  other  points  along  the  coast.  On  June  29,  scattered  individuals  of  a 
species  of  Cormorant  to  which  I  refer  this  bird  were  seen  in  the  sea  off  Cape  Serdze  Kamen,  but 
none  were  secured.  A  species  of  Cormorant,  either  this  or  the  following,  was  seen  at  Herald 
Island,  and  again  one  or  two  individuals  near  Wrangel  Island  and  on  the  American  shore  in  the 
vicinity  of  Gape  Beaufort,  on  July  27;  but  as  they  were  shy  at  all  these  localities  no  specimens 
were  secured,  and  it  was  impossible  to  ascertain  definitely  to  which  species  they  should  be  referred. 

PHALACROCORAX  BICRISTATUS  Pall. 

(144.)  Red-faced  Cormoeant. 

Nordenskiold  records  the  capture  of  several  of  these  birds  at  i^orth  Cape,  Siberia,  where  they 
were  nesting  upon  the  cliffs  in  large  numbers  at  the  time  of  the  Vega's  visit  there  on  September 
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17,  1879.  It  was,  perhaps,  this  species  in  place  of  the  Violet-green  Cormorant  which  was  noted 
by  us  to  the  north  of  this  cape  about  Wraiigel  and  Herald  Islands,  as  well  as  at  Cape  Beaufort  on 
the  north  shore  of  Alaska  and  one  or  two  other  points  along  the  Arctic  shore  of  this  territory. 

This  species  is  well  known  as  a  resident  upon  the  fur-seal  islands,  where  Elliott  found  them 
remaining  throughout  -the  winter,  despite  the  severity  of  the  storms  and  cold  at  various  times. 
It  serves  as  a  dainty  morsel  for  the  resident  Aleuts  upon  these  islands  during  the  winter, 
when  .other  kinds  of  fresh  meat  are  not  procurable.  According  to  Elliott  it  nests  some  weeks  in 
advance  of  the  other  water  fowl,  and  builds  a  large  structure  upon  a  jutting  shelf  along  the  fa<5e 
of  the  cliffs.  These  birds  have  from  three  to  four  eggs,  and  the  young^come  from  the  shell  almost 
without  feathers,  but  grow  rapidly  under  the  care  of  the  old  birds.  He  notes  the  great  amount 
of  curiosity  possessed  by  these  birds  at  the  appearance  of  any  unusual  object  which  approaches 
the  vicinity  of  their  nesting  places  or  feeding  grounds.  This  appears  to  hold  everywhere.  I  have 
rarely  visited  the  haunts  of  Cormorants  without  their  circling  around  and  around,  although 
sometimes  so  shy  as  to  keep  well  beyond  gunshot.  Their  curiosity  appears  to  bring  them  in  the 
neighborhood  of  the  objects  of  their  suspicion  again  and  again.  We  found  this  bird  quite 
numerous  in  the  vicinity  of  Unalaska  Island  on  our  arrival  there  the  last  of  September,  1881.  In 
the  spring  of  1877  it  was  also  rather  common  about  the  harbors  at  that  place.  It  is  a  resident 
throughout  the  Aleutian  Islands,  according  to  Dall.  These  birds  appear  to  be  a  fitting  accompa- 
niment of  the  bleak,  barren  coast  found  so  frequently  along  the  northern  shore  of  Bering  Sea. 
The  dark  cliffs,  with  scarcely  a  trace  of  vegetation,  and  the  cold  rocks,  perhaps  relieved  here  and 
there  by  banks  of  snow  in  the  ravines,  are  rendered  still  more  wild  and  inhospitable  in  appearance 
by  the  presence  of  these  large,  awkward  somber-colored  birds,  which  circle  silently  back  and  forth 
in  front  of  their  cliffs^  fitting  habitants  of  the  remote  and  cheerless  wilds  where  their  home  is  made. 

LARIDJi:.    GULLS,  TERNS. 

PAOOPHILA   EBURNBA  (Phipps)  Kaup. 

(145.)  The  Ivoey  Gull. 

There  is  no  record  of  this  bird's  occurrence  anywhere  in  Bering  Sea,  but  Nordenskiold  found 
this  gull  quite  frequent  during  the  time  of  his  stay  on  the  northeastern  shore  of  Siberia  at  Tapkan, 
and  noted  them  at  various  points  around  the  northern  shore  of  Asia  during  his  voyage  through 
that  region.  It  is  found  quite  commonly  about  Spitzbergen  and  Nova  Zemyla,  where  it  keeps  in 
the  vicinity  of  the  shore,  and  in  winter  is  frequently  seen  standing  near  the  seal-holes  in  the  ice 
waiting  for  the  seal  to  appear,  the  cause  of  this  being  its  habit  of  devouring  that  animal's  excre- 
ment. It  is  abundant  in  this  region  and  off  the  high  northern  latitudes  of  America,  but  very  few 
of  its  nests  have  been  found  thus  far,  one  by  McClintock,  at  Cape  Krabbe,  in  North  America,  in 
latitude  77°  25'  north,  and  again  b^^  Malmgren,  at  Murchinson  Bay,  in  Spitzbergen,  in  latitude 
820  2'  north.  The  two  ni'sts  found  by  Malmgren  consisted  of  a  depression  from  twenty-five  to 
twenty-six  centimeters  in  diameter  in  a  heap  of  loose  gravel  on  a  ledge  of  a  sloping  limestone  wall. 
Each  nest  contained  one  eggj  which  on  the  30th  of  July  already  contained  a  down-covered  bird. 
Murchinson  Bay  was  covered  with  ice  at  the  time  these  nests  were  observed.  On  September  4, 
1879,  this  bird  was  seen  off  Herald  Island  by  the  naturalist  of  the  Jeanuette,  and  again  in  the 
middle  of  June;  and  in  July,  1880,  a  number  of  these  birds  were  seen,  and  at  various  other  times 
during  the  drift  of  this  ill-fated  vessel.  In  the  vicinity  of  Bennett  Island  on  July  29, 1881,  they 
were  again  seen,  and  were  probably  nesting  there. 

There  is  no  North  Pacific  coast  record  of  this  species,  and  it  appears  to  be  a  winter  resident  in 
high  latitudes,  not  passing  south  beyond  the  ice  limit,  except  very  rarely,  when,  as  in  a  few 
instances,  it  has  been  taken  along  the  coast  of  Maine,  in  eastern  North  America,  and  perhaps  as 
far  south  as  Massachusetts  On  the  west  coast  of  America  we  possess  no  such  southern  records, 
and  it  is  doubtful  if  it  ever  passes  south  of  the  Aleutian  chain,  although  as  yet  we  do  not  possess 
a  record  of  the  bird  south  of  Bering  Straits.  It  is  one  of  the  most  beautiful  of  the  gulls,  and  any 
addition  to  our  knowledge  of  its  biography  will  be  a  welcome  contribution  to  northern  ornithology. 
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RISSA  TRIDACT7LA  KOTZBUEI  (Bp.)  Cones. 

(146.)  Paoepio  Kittiwake. 

Aboat  the  shores  of  Bering  Sea  everywhere  that  rocky  cliffs  or  bold  islands  rise  from  the 
water  this  elegaat  Gull  may  be  foaud,  usually  occurriug  in  the  greatest  abundance.  During  onr 
visit  to  a  rocky  islet  iu  Escholtz  Bay,  Kotzebue  Sound,  on  September  7,  1881,  the  young  were 
seen  perching  upon  the  ledges  and  jutting  points  of  this  precipitous  islaud.  Although  the  approach 
to  the  nesting  places  was  difficult,  yet  the  young  stood  gazing  stupidly  at  us  as  we  di'ew  near  until, 
though  they  were  able  to  tiy,  several  were  knocked  from  their  perches  with  stones  before  they 
would  take  wing,  and  one  was  caught  in  my  hand  without  its  showing  the  slightest  alarm  until 
seized.  Elliott  found  them  breeding  in  gL*eatest  abundance  at  the  fur-seal  islands,  and  we  found 
them  about  the  shores  of  Saint  Lawrence  Island  the  last  of  June,  1881.  On  Herald  Island  they 
were  nesting  in  large  numbers,  and  altliough  seen  in  less  abundance  about  the  shores  of  Wrangel 
Island,  yet  they  were  common  there.  On  May  1,  1880,  during  the  drift  of  the  Jeannette,  they  were 
seen  by  Mr.  Newcomb,  the  naturalist  of  this  vessel,  and  were  quite  common  from  that  date  on 
during  the  remainder  of  the  summer.  At  Bennett  Island  they  were  found  more  numerous  than 
elsewhere  by  the  people  from  this  vessel.  It  is  a  common  bird  over  all  parts  of  the  Arctic,  extend- 
ing along  both  the  Alaskan  and  Siberian  shores  from  Bering  Strait.  During  our  cruising  in  the 
summer  of  1881  I  had  repeated  occasions  to  notice  the  graceful  motions  and  powers  of  flight 
]>ossessed  by  this  handsome  Gull.  Its  buoyancy  <luring  the  worst  gales  we  met  was  fully  equal  to 
that  possessed  by  the  Rodger's  Fulmar,  with  which  it  frequently  associated  at  these  times.  These 
birds  were  continually  gliding  back  and  forth  in  ft:racefnl  «;urves,  now  passing  directly  into  the  face 
of  the  gale,  then  darting  off  to  one  side  on  a  long  circuit,  alwa^^s  moving  steadily,  with  only  an 
occasional  stroke  of  the  wings  for  long  periods  if  there  was  a  strong  wind.  The  closely-allied  form, 
the  well-known  Kittiwake  of  the  North  Atlantic  and  ailjoining  portion  of  the  Arctic  Ocean,  is 
found  breeding  npon  Spitzbergen  and  Nova  Zemlya,  as  well  as  upon  the  Preobraschrine  Islands 
on  the  North  Siberian  shore.  It  is  more  common  in  the  very  high  northern  latitudes  than  the 
Glaucous  Gull,  according  to  Nordenskiold,  and  occurs  far  out  to  sea,  where  it  follows  vessels  for 
days  at  a  time,  circling  around  the  tops  of  the  nmsts,  sometimes,  according  to  the  walrus  hunters 
of  the  seas  north  of  Europe,  pecking  at  the  end  of  the  pendant  before  a  stonn.  This  latter  habit 
was  noticed  by  us  in  the  Pacific  Kittiwake  as  we  approached  Wrangel  Island  during  our  several 
attempts  to  land  there.  One  evening  it  was  nearly  calm  and  clear,  but  the  appearance  of  the  sky 
indicated  that  foul  weather  was  preparing  to  descend  upon  us,  and  as  we  worked  in  through  the 
ice,  attempting  to  reach  the  shore,  several  young  Kitti  wakes  came  off  towards  us,  and  circling  about 
approached  close  to  the  pendant  flying  from  the  mast-head  with  their  bills  almost  touching  the 
point  of  this  streamer.  They  mov($<l  up  and  down,  following  the  sinuous  movement  of  the  pendant 
in  the  most  curious  manner,  apparently  trying  to  satisf^'  diemSelves  as  to  the  cause  and  appearance 
of  this  strange  phenomenon.  The  common  Kittiwake  of  the  North  Atlantic  is  said  to  make  an 
elaborate  nest  of  moss,  mud,  and  grass,  which  harbors  innumerable  insects,  of  which  the  naturalist 
on  board  the  Vega  obtained  twelve  species  from  a  single  nest.  The  Bering  Sea  bird  constracts  a 
nest  of  moss  and  sea- weed,  or  other  material  in  a  like  manner,  but  the  parasites  from  this  source 
have  not  been  examined. 

RIBBA  BRBVIROSTRIS  Brandt. 

(147.)  RED-LEaaED  Kittiwake. 

The  present  handsome  species  of  gull  is  limited  in  the  region  covered  by  this  paper  to  the 
Aleutian  Islands  and  to  the  fur-seal  group.  It  nests  in  great  abundance  about  the  latter  islands, 
where,  according  to  Elliott,  it  comes  by  tens  of  thousands  to  breed.  This  author  testifies  to  its 
elegance  of  coloring  and  grace  of  movement;  and  its  handsomely  contrasted  plumage  and  bright 
red  feet  certainly  render  it  one  of  the  most  attractive  of  its  kind  in  these  northern  waters.  The 
last  of  May,  1877,  while  I  was  at  Ounalaska,  these  birds  were  quite  numerous  for  two  or  three  days, 
when  they  all  disappeared  as  suddenly  as  they  had  come,  and  passed  noj*th  to  their  breeding 
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ground  about  the  seal  islands.  This  gull  is  also  found  north  at  Saiut  Matthew  Island,  but  there  is  no 
record  of  its  occurrence  beyond  this.  No  examples  have  been  obtained  either  upon  Saint  Lawrence 
Island  or  the  adjacent  American  and  Asiatic  shores  of  Bering  Sea.  It  is,  however,  recorded 
from  the  Kamtchatkan  coast,  and  undoubtedly  occurs  about  the  shores  of  Okhotsk  Sea,  north  of 
which  it  is  doubtful  if  it  is  ever  found. 

LARUS  OLAUCUS  Brtinn. 

(148.)  The  Glaucus  Gttll. 

This  is  one  of  the  most  widely  spread  and  common  Gulls  of  Bering  Sea  and  the  adjoining 
coast  of  the  Arctic.  It  is  largely  outnumbered,  however,  by  the  Kitti  wake  Gull,  which  has  a  nearly 
similar  distribution.  At  the  fur-seal  islands  Elliott  records  this  large  fine  bird  as  restricted  in  its 
breeding  ground  to  Walrus  Islet,  although  it  frequents  the  larger  islands  throughout  the  season, 
and  feeds  upon  the  carcasses  of  the  seals  left  on  the  killing  ground.  It  was  numerous,  and 
preparing  to  nest  about  the  bold  headlands  and  cliffs  at  Ounalaska,  towards  the  end  of  May  and 
first  of  June  in  1877.  During  my  residence  at  Saint  Michael's  it  was  found  as  an  abundant 
species,  arriving  with  the  first  open  water  in  spring,  and  only  retiring  when  the  sea  was  closed  by 
ice  in  autumn.  During  the  cruise  of  the  Corwin,  the  summer  of  1881,  it  was  found  at  nearly 
every  point  visited,  among  which  may  be  named  Kotzebue  Sound,  Cape  Lisburne,  Herald  Island, 
the  northern  shore  of  Siberia,  Bering  Strait,  and  Plover  Bay,  in  nearly  all  of  which  places  it  was 
in  abundance,  or  at  least  a  common  bird.  Its  loud,  harsh  notes  and  large  size  render  it  one  of  the 
most  conspicuous  birds  of  the  North.  The  chosen  surroundings  of  this  Gull  in  Bering  Sea,  where 
it  breeds  on  all  the  islands  and  shores,  would  scarcely  necessitate  the  well-known  name  of  ice  gull, 
which  this  bird  has  earned  on  the  North  Atlantic  coast  and  adjoining  Arctic  Sea,  where  it  is  so 
well  known  as  the  accompaniment  of  the  icepack  of  that  region.  Here,  however,  it  is  content  to 
remain  farther  south,  breeding  even  south  to  where  the  fragments  of  ice  rarely,  if  ever,  find  their 
way,  and  from  some  time  in  June  until  the  commencement  of  winter  no  ice  is  seen  anywhere  south 
of  Bering  Strait.  We  learn  from  JNordenskiold  that  it  breeds  upon  Bear  Island,  Spitzbergen,  and 
Nova  Zemlya,  as  well  as  upon  the  new  Siberian  Islands,  which,  with  its  known  range  in  the 
North  Atlantic,  shows  that  the  bird  seeks  a  home  indifferently  either  in  the  high  north,  where  the 
ever  present  ice-pack  covers  the  sea,  or  south,  where  a  milder  climate  and  less  grim  surroundings 
are  found,  as  about  the  shores  of  Bering  Sea.  The  Burgomaster,  as  this  bird  is  sometimes  termed, 
in  its  North  Atlantic  range  was  found  nesting  upon  Herald  and  Wrangel  Islands  during  our  visits 
there,  and  it  would  be  difficult  for  one  to  visit  any  part  of  the  Arctic  shores  around  the  entire 
circumpolar  region  and  not  meet  this  gull.  It  is  bold  and  voracious  among  its  kind,  and  ruth- 
lessly robs  the  breeding  waterfowl  of  their  eggs  or  young,  which  it  greedily  devours  whenever 
opportunity  affords. 

LARUS  LEUCOPTERUS  Faber. 

(149.)  Glaucus  WiNaED  Gull. 

This  species  was  found  with  the  preceding,  and  perhaps  outnumbering  the  Glaucus  Gull 
upon  the  Aleutian  Islands^  in  the  spring  of  1877.  They  were  extremely  abundant  about  the 
various  headlands  there,  and  were  afterwards  found  to  the  north  at  Saint  Michael's  and  in  Bering 
Strait.  Their  distribution  covers  all  the  shores  of  Bering  Sea,  main-land  and  islands,  and  extends 
through  the  Straits  along  both  coasts  of  the  Arctic;  but  they  are  less  common  north  of  the  Straits 
than  to  the  south.  At  Plover  Bay  they  were  quite  numerous  on  June  26,  1881.  During  the 
explorations  of  the  Western  Union  Telegraph  Company  specimens  were  secured  at  Sitka  and 
others  at  Kodiak ;  and  the  bird  is  found  along  the  entire  west  coa«t  of  America  from  California 
north,  being  of  common  occurrence  along  the  entire  sea-coast  of  Alaska  and  the  various  islands  of 
Bering  Sea,  besides  on  the  Siberian  coast.  It  was  found  on  the  shore  of  the  Arctic  north  to  Cape 
Lisburne  and  Icy  Gape,  on  the  American  side,  and  to  Cape  Serdze  Kamen  and  the  vicinity  of 
Herald  Island  on  the  Siberian  side;  None  were  seen  at  Point  Barrow,  although  they  undoubtedly 
occur  there.  Jts  habits  are  almost  identical  with  those  of  the  Glaucus  Gull,  but  it  may  usually 
be  distinguished  when*in  company  with  the  latter  by  its  smaller  size. 
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LARU8  MARINU8  (Zdnn.) 

(150.)  Great  Black-backed  Gull. 

Although  the  present  species  has  been  recorded  from  the  coast  of  Japan,  there  was  uo  record 
of  its  occurrence  in  Bering  Sea  or  the  adjoining  portion  of  the  Arctic  until  during  the  summer  of 
1880.  During  this  season  Captain  C.  L.  Hooper,  of  the  Corwin,  secured  a  specimen  at  the  Greater 
Diomede  Island,  in  Bering  Strait,  and  the  same  season  Dr.  T.  H.  Bean,  of  the  National  Museum, 
obtained  a  young  bird  at  Chernooskie,  on  Ounalaska  Island,  making  the  only  two  records  of  this 
bird's  capture  in  Alaska,  although  Dr.  Bean  afterwards  found  it  at  Port  Clarence,  on  the  Alaskan 
shore  of  Bering  Strait,  and  saw  numerous  other  specimens  during  his  summer  cruise. 

It  is  a  little  strange  that  this  conspicuous  and  well-marked  bird  should  have  escaped  attention 
so  long  in  this  part  of  its  range,  but  it  must  be  somewhat  localized  in  its  distribution  here,  since 
during  my  residence  at  Saint  MichaePs  I  kept  a  continual  lookout  for  rare  species  of  Gulls,  and 
among  the  large  numbers  of  these  birds  obtained  and  examined  not  a  single  individual  could  be 
referred  to  this  species. 

LARUS  AFFINUS '  Reinh. 

(151.)  The  Sibeblin  Gull. 

During  the  various  visits  made  to  the  northwest  Siberian  coast  by  the  Corwin  in  the  season 
of  1881  these  birds  were  found  to  be  numerous  at  Plover  Bay,  and  thence  around  the  shore 
through  Bering  Straits  along  the  coast  to  the  northwest,  the  last  ones  being  seen  in  the  vicinity 
of  Cape  Serdze  Kamen  and  Waukeram,  just  west  of  Kolinchin  Bay.  At  all  these  places  the  bird 
was  common,  and  was  quite  frequently  seen  some  miles  oft*  shore  as  we  were  passing  along  this 
coast.  It  was  not  observed,  however,  on  the  American  shore,  where  it  is  almost  certain  to  occur, 
although  there  is  no  definite  record  of  its  presence  there  up  to  date.  On  June  26, 1881,  these  gulls 
were  preparing  to  breed  about  the  headlands  of  Plover  Bay,  and  on  the  29th  of  this  same  month 
were  found  to  be  abundant  off*  Cape  Serdze  Kamen,  where  they  were  evidently  nesting  or  about 
to  prepare  for  this  duty. 

LARUS  CACHINNANS  Pall. 

(152.)  The  Siberian  Hebbing  Gull. 

This  Gull  is  occasionally  observed  about  the  Yukon  mouth  and  about  the  entire  coast  of  the 
territory,  although  it  is  among  the  rarest  of  the  laridae  to  occur  on  the  shore  of  Norton  Sound. 
It  is  not  known  from  the  islands  of  Bering  Sea,  where  it  undoubtedly  occurs.  The  record  given 
of  I^rus  argentatm  by  Mr.  Dall  in  his  paper  on  the  birds  of  Alaska  refers  to  this  bird.  He 
records  it  as  plentiful  at  Plover  Bay,  and  it  is  a  common  species  along  this  coast  Just  what  its 
range  is  to  the  north  of  Bering  Straits  I  have  no  data  upon  which  to  base  an  opinion. 

LARUS  CACHINNANS  Pall. 

(153.)  Pallas's  Hebbing  Gull. 

Although  this  species  Is  recorded  from  the  northeast  coast  of  Siberia,  by  Pallas,  it  was  not 
observed  during  the  cruise  of  the  Corwin,  but  might  easily  have  been  overlooked  from  the 
cursory  manner  of  our  survey  there.  The  close  similarity  of  the  two  shores  of  Bering  Sea  render 
it  extremely  probable  that  any  species  of  gull  found  in  the  vicinity  of  Bering  Strait  on  either 
shore  is  almost  certain  to  be  taken  sooner  or  later  upon  the  opposite  coast. 

LARUS  BRACH7RH7NCHUS  Rich. 

(154.)  Shobt-billed  Gull. 

The  present  species  of  Gull  is  extremely  abundant  along  the  eastern  coast  of  Bering  Sea,  from 
the  head  of  Norton  Sound  to  the  Peninsula  of  Aliaska.    It  was  not  observed  on  any  of  the  Bering 
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Sea  islands  or  the  Siberian  shore  during  the  cruise  of  the  Corwin,  nor  was  it  seen  north  of  Bering 
Strait,  although  specimens  were  brought  me  from  the  Kotzebue  Sound  region  during  my  residence 
at  Saint  Michael's.  It  is  very  numerous  along  the  course  of  the  .Yukon  and  other  rivers  in  the 
interior  of  Alaska,  and  breeds  throughout  the  range  given. 

LARUS  PHILADELPHIiB  (Ord.)  Gray. 

(155.)  Bonaparte's  Gull. 

This  is  a  very  rare  bird  along  the  Alaskan  coast  of  Bering  Sea,  being  found  there  during  the 
migrations  merely  as  a  straggler  from  its  breeding  grounds  in  the  interior.  There  is  no  record  of 
either  this  or  the  preceding  species  from  any  of  the  Bering  Sea  islands,  but  the  latter  is  far  less 
numerous  and  widely  spread  on  the  shores  of  this  sea  than  the  former.  I  found  Bonaparte's  Gull 
numerous  only  in  one  instance  in  the  vicinity  of  Saint  Michael's.  This  was  towards  the  end  of 
September,  1880,  when  for  a  few  days  they  were  abundant  along  the  canal  which  separates  Saint 
Michael's  Island  from  the  mainland.  There  is  no  record  of  its  presence  along  the  shore  of  the 
Arctic,  although  it  may  possibly  occur  at  the  head  of  Kotzebue  Sound. 

RHODOSTETHIA  ROSEA   (MacgUl.)   Bruoh. 

(156.)  Rosse's  Gull. 

During  my  residence  at  Saint  Michael's  I  secured  a  single  specimen  of  this  bird.  It  was  a 
yonng  of  the  year,  and  although  it  was  taken  the  first  of  October,  yet.  it  still  retained,  nearly 
complete,  its  imperfect  mottled  plumage.  This  was  the  first  specimen  of  this  rare  and  beautiful 
bird  taken  in  the  region  about  Bering  Strait.  Since  this  capture,  however,  we  have  still  further 
knowledge  of  this  bird's  distribution.  Nordenskiold  obtained  a  beautiful  adult  specimen  which 
was  shot  from  the  vessel  while  frozen  in  on  the  Siberian  shore  near  Bering  Strait  on  July  1, 1879> 
and  the  naturalist  of  the  Jeannette,  Mr.  Newcouib,  writes  in  a  recently  published  letter  to  the 
New  York  Herald  that  *'  In  the  middle  of  October,  1879,  a  pair  of  these  birds  came  along  the  lead 
where  I  was  sitting,  and  when  within  range  I  fired,  tumbling  one  down  into  the  water;  the  other 
turned  and  I  got  it.  They  proved  to  be  Rosse's  (xulls  (Rhodostethia  rosea)^  an  exceedingly  rare 
species,  very  buoyant  and  graceful  on  the  wing ;  beautiful  pearly-blue  on  the  back,  vermilion  feet 
and  legs,  and  lovely  tea-rose  on  the  breast  and  underpart,  the  rosy  tint  being  scarcely  a  color; 
then  blending  in  exquisite  harmony  with  the  pearly-blue  of  the  upper  parts.  They  were  in  fall 
feather.    I  afterwards  got  three  more  in  adult  and  immature  plumage." 

While  the  Jeannette  party  were  on  their  way  toward  the  Siberian  coast,  after  the  loss  of  their 
vessel,  a  number  of  these  Gulls  were  seen,  but  were  not  obtained.  Eight  specimens  of  this 
beautiful  bird  were  secured  by  Mr.  Newcomb  during  the  drift  of  the  Jeannette,  but  during  the 
retreat  of  this  party  toward  the  coast  all  but  three  specimens  in  the  most  interesting  states  of 
plumage  were  abandoned,  with  many  other  results  of  their  long  captivity  in  the  ice.  These  three 
specimens  are  now  preserved  in  the  Smithsonian  collection,  and  with  the  one  obtained  by  me  at 
Saint  Michael's  form  a  series  of  four  birds  the  only  ones  at  present  in  any  American  collection,* 
and  representing  each  a  different  state  of  plumage.  The  richness  of  the  rosy  tint  on  the  breast 
is  incomparable  with  that  on  any  other  gull  which  I  have  ever  seen.  One  of  the  specimens 
brought  by  Mr.  Newcomb  still  retains  the  color,  and  is  of  an  extremely  rich  peach-blossom  pink, 
much  richer  even  in  this  faded  condition  than  is  usual  in  life  upon  gulls  which  are  ornamented 
with  this  rosy  suffusion  during  the  breeding  season.  It  is  to  be  hoped  that  some  of  the  several 
American  expeditions  now  in  the  north  may  secure  other  specimens  of  this  interesting  and  lovely 
Gull,  which  is  the  most  beautiful  of  its  kind,  and  add  still  more  to  its  history.  And  now  that  the 
range  of  the  bird  is  known  to  extend  around  the  entire  circumpolar  regions,  the  next  point  to 
ascertain  will  be  its  breeding  ground,  and  peculiar  habits  during  the  nesting  season.  Notes  upon 
its  habits  are  particularly  desirable,  as  thus  far  the  naturalists  who  have  obtained  specimens  of 
this  variety  have  only  recorded  the  facts  of  their  capture. 
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XBMA  SABINBI  (J.  Sabine)  Leach. 

(157.)  Sabine's  Gull. 

From  the  Peninsala  of  AliaBka,  north,  along  the  Alaskan  shore  to  Kotzebue  Sound,  this  is  a 
very  common  Gall.  It  is  especially  numerous  during  the  breeding  season  on  the  low  marshy  coast 
between  the  Yukon  mouth  and  Saint  Michael's,  where  it  breeds.  It  is  common,  however,  at 
various  other  points  along  the  American  coast,  and  across  to  Saint  Lawrence  Island  and  the 
Siberian  shore  of  Bering  Sea.  whence  specimens  have  been  secured  by  various  parties  visiting 
that  coast.  It  was  seen  at  Saint  Lawrence  Bay  by  the  naturalist  of  the  Jeannette  on  August  29, 
1879  5  and  when  we  neared  Wrangel  Island  the  Ist  of  August,  1881,  two  young  gulls  about  the 
size  of  this  bird  came  off  and  kept  about  the  vessel  for  some  time.  They  were  in  dark,  mottled, 
immature  plumage,  and  kept  at  such  a  distance  that  it  was  impossible  to  be  positive  of  the  species. 
From  the  frequent  occurrence  of  Bosse's  Gull  to  the  north  of  this  land,  as  noted  by  the  naturalist 
of  the  Jeannette,  and  the  fact  that  no  adult  Sabine's  Gulls  were  seen  either  along  the 
adjoining  shore  of  Siberia  or  in  this  vicinity,  the  chances  are  that  these  two  young  birds  were 
Bosse's  Gulls ;  but  at  the  time  I  identified  them  as  being  the  young  of  Sabine's  Gull,  as  their  size 
and  the  general  appearance  of  their  coloration  as  seen  at  a  distance  indicated.  It  was  not  noted 
by  us  during  the  cruise  of  the  Corwin  anywhere  around  the  shore  of  the  Arctic,  unless  the  two 
immature  birds  seen  off  Wrangel  Island  belong  to  this  species. 

STERNA  CASPIA  PaU. 

(158.)  Caspian  Tern. 

This  large  Tern  is  extremely  rare  in  the  north.  It  was  only  observed  by  me  at  the  Yukon 
mouth  on  two  occasions,  both  times  escaping  without  injury  in  spite  of  my  attempts  to  secure 
4t.  The  natives  were  well  acquainted  with  the  bird,  however,  but  always  insisted  that  it  was 
very  uncommon.  They  have  a  name  for  the  common  Arctic  Tern  which  they  also  appl^-^  to  this 
large  species  with  the  termination  '^  puk,"  meaning  great  or  large,  showing  that  there  is  little 
doubt  as  to  the  bird's  correct  identification.  There  is  no  record  of  its  occurrence  to  the  north  of 
Saint  Michael's,  which  is  the  most  northern  point  whence  I  have  any  information  of  its  occurring } 
nor  is  it  known  from  the  islands  of  Bering  Sea  or  the  Siberian  shore. 

STERNA  MACRURA  Naam. 

(169.)  The  Aectic  Teen. 

Along  both  shores  of  Bering  Sea  and  upon  both  shores  of  the  adjoining  Arctic  waters  this 
bird  is  very  common.  It  was  noted  in  the  vicinity  of  Point  Barrow  during  our  visit  there  in 
August,  1881,  and  along  all  of  the  north  Siberian  coast  visited,  and  is  a  well-known  resident  of  the 
Bering  Sea  shores.  It  nests  wherever  found  in  this  region,  and  occurs  indifferently  either  in  the 
interior  along  the  courses  of  the  rivers,  or  on  the  salt  marshes  and  barren  islands  on  the  sea  coast. 
This  is  one  of  the  circumpolar  species,  which  is  familiar  to  all  voyagers  in  these  northern  regions. 
It  nests  on  some  of  the  sterile  islands  of  the  North,  in  flocks,  upon  the  baresandy  or  pebbly  ground, 
with  no  trace  of  any  artificial  nest.  It  is  common  upon  Spitzbergen  but  scarce  on  Nova  Zemlya, 
and  was  noted  in  the  vicinity  of  the  New  Siberian  Islands  by  Nordenskiold.  On  the  eastern  shore 
of  Bering  Sea  f  have  only  found  it  nesting  singly,  iu  pairs  scattered  here  and  there  over  the 
ma«ihes,  and  iu  one  instance  three  pairs  were  found  occupying  the  same  S4nall  island  in  a  lake, 
which  is  the  largest  number  I  found  nesting  iu  close  proximity.  In  this,  however,  as  in  many 
other  instances,  the  birds'  habits  vary  greatly  with  the  locality. 

STERNA   ALEUTICA  Baird. 

(160.)  The  AjLhUTiAN  Teen. 

This  handsome  Alaskan  Tern  has  an-extremely  limited  distribution,  being  found  from  Kodiak 
Island  north  to  Bering  Strait  on  the  American  mainland  shore,  and  occasionally  crossing  to  the 
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Siberian  coast.  As  noted  by  the  naturalist  of  the  Jeannette,  who  saw  several  of  these  birds  at 
Saint  Lawrence  Bay  the  last  of  August,  1879,  it  is  very  irregular  in  its  distribution,  as  the  coast 
for  a  hundred  miles  may  not  have  a  single  pair,  and  again  they  may  occur  in  the  greatest  abun- 
dance. Rather  low  rocky  islets  appear  to  be  their  choice  for  breeding  places,  as  shown  by  their 
habits  in  the  vicinity  of  Saint  Michael's,  where  they  nest  among  the  low  vegetation  covering  the 
rocks,  making  no  artificial  nest,  or  but  a  slight  attempt  at  one,  usually  depositing  their  eggs  in  a 
slight  hollow  made  in  the  dead  grasses  and  moss.  The  nests  were  difficult  to  find  from  the  close 
resemblance  of  the  eggs  to  the  ground  upon  which  they  are  placed.  The  birds  hover  overhead 
when  disturbed,  but  become  very  shy  after  a  little  persecution  in  the  way  of  stiiooting,  so  that 
although  I  made  repeated  efforts  to  secure  a  considerable  number  of  specimens  I  was  able  to  get 
but  comparatively  few.  They, are  far  more  suspicious  than  the  Arctic  Tern,  which  abound  in  the 
same  localities  and  may  be  killed  by  hundreds  if  desired. 

STBRCORARIUS   POMATORHINUS  (Temm.)  VieiU. 

(161.)   POMABINE  JA^GEB. 

During  the  summer  season  these  birds  are  found  breeding  around  the  northern  coast  of  Bering 
Sea  from  the  vicinity  of  the  mouth  of  Kuskoquim  River  to  Bering  Strait,  and  among  the  northern 
islands  of  this  sea,  and  along  the  Siberian  shore.  They  extend  their  range  at  this  time  through 
the  Straits,  and  are  found  scattered  over  the  entire  part  of  the  Arctic  navigable  for  vessels,  breeding 
upon  both  shores.  During  this  season  they  reach  south  to  the  Aleutian  chain,  and  it  is  possible 
that  some  remain  there  to  bree<l ;  but  as  these  birds  have  a  northerly  distribution  in  summer  the 
probabilities  are  against  the  supposition.  A  few  were  seen  at  Plover  Bay  and  then  scatteringly 
throughout  the  Arctic,  generally  near  shore,  during  the  cruise  of  the  Corwin.  They  were  more 
numerous  on  the  4-^i^t:ic  coast  than  on  the  American  side,  except  when  we  reached  the  vicinity 
of  Point  Barrow,  where  a  considerable  number  of  these  birds  were  seen  among  the  drift  ice«» 
On  June  29  they  were  very  numerous  off  Cape  Serdze  Kamen,  on  the  Siberian  shore.  About 
Nova  Zemlya,  Nordenskiold  informs  us,  this  species  is  much  less  numerous  than  the  parasitic 
Jaeger;  but  like  this  latter  species  the  present  bird  has  a  ctrcumpolar  distribution.  As  we 
approached  Herald  and  Wrangel  Islands  on  our  various  visits  to  that  vicinity  these  Gulls  were 
seen  at  times,  and  were  very  numerous  near  Herald  Island  the  day  we  made  our  landing  there, 
July  30. 

STBRCORARIUS  CREPIDATUS  (Banks)  VieUl. 

(162.)  Richardson's  JajSgee. 

On  the  coast  of  Bering  Sea,  having  there  almost  precisely  the  same  range  as  the  large 
Jaeger  just  mentioned,  this  bird  is  found  in  about  equal  numbers.  It  is  confined  to  the  vicinity 
of  the  shore  more  closely  than  the  large  species,  and  during  the  breeding  season,  at  least,  prefers 
the  brackish  pools  and  marshy  land  along  tlie  low  portions  of  the  coast,  such  as  that  from  the 
Yukon  mouth  north  along  the  shore  of  Norton  Sound.  It  was  seen  at  nearly  all  the  points  visited 
by  us  both  in  Bering  Sea  and  the  adjoining  portions  of  the  Arctic.  As  we  passed  north  to  the 
vicinity  of  the  ice  it  became  much  rarer  or  was  entirely  absent;  none  were  seen  in  the  vicinity  of 
Wrangel  or  Herald  Islands,  nor  were  any  noted  north  of  Icy  Cape  on  the  Alaskan  shore,  although 
they  probably  reach  Point  Barrow  at  times.  This  bird  is  said  to  breed  on  Spitzbergen  and 
Nova  Zemlya,  whefe  it  lays  two  eggs  upon  the  bare  ground  on  low,  unsheltered,  and  often  ^iret 
islets  or  headlands.  It  is  very  greedy,  and  in  its  haste  will  frequently  swallow  so  much  as  to  be 
sometimes  unable  to  fly  until  it  has  disgorged. 

According  to  Nordenskiold,  when  it  is  disturbed  in  the  vicinity  of  its  nests  it  creeps  along 
the  ground  with  odd  motions  and  flapping  wings  to  draw  attention  from  its  eggs.  This  same 
habit  is  possessed  by  the  birds  on  the  Alaskan  shore,  as  I  have  frequently  observed  during  the 
breeding  season. 
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STERCORARIUS  PARASITICUS  (Linn.)  Saanders. 

(163.)  Long-tailed  Jaegeb. 

The  present  species  is  the  most  elegaut  of  the  Jaegers  in  its  general  make-ap,  and  especially 
when  on  the  wing.  At  this  time  the  bird  shows  all  the  grace  and  ease  of  movement  which 
characterize  such  birds  as  the  Swallow-tailed  Kite  and  other  species  with  very  long  wings  and 
slender  bodies.  It  appears  to  delight  in  exhibiting  its  agility,  and  two  or  more  frequently  perform 
strange  gyrations  and  evolutions  during  their  flight  as  they  pass  back  and  forth  over  the  low,  flat 
country  which  they  frequent.  It  is  like  the  parasitic  Jaeger,  found  more  plentifully  along  the 
low  portions  of  the  coast  than  at  sea,  and  is  very  numerous  along  the  coast  of  Norton  Sound. 
It  was  noted  but  a  few  times  by  us  during  the  cruise  of  the  Corwiu  north  of  Bering  Strait,  but 
was  seen  at  Saint  Lawrence  Island  and  various  other  places  visited  along  the  shores  of  this  sea, 
esi)ecially  on  the  American  side.  Toward  Spitzbergen  these  birds  are  said  to  be  rare  and  to 
increase  in  numbers  toward  Bering  Strait.  It  is  one  of  the  species  noted  during  the  drift  of  the 
Jeannette  in  the  ice  to  the  north  of  Wrangel  Island,  but  was  very  rare. 

PROCELLARIDJ5.     PETRELS,  ALBATROSSES. 

DIOMEDEA  NIGRIPES  And. 

(163  a.)  Black-footed  Albatross.  • 

The  "  gony,"  as  this  bird  is  called  on  the  North  Pacific,  is  an  abundant  bird  over  this  entire 
stretch  of  the  ocean.  It  takes  company  with  a  vessel  on  its  leaving  San  Francisco,  and  follows  it 
to  the  neighborhood  of  the  Aleutian  Islands  where  it  disappears ;  and,  as  we  noted,  in  October, 
1881,  soon  after  we  left  Ounalaska  these  birds  appeared  and  were  with  us  continually  in  pleasant 
or  stormy  weather  until  we  approached  San  Francisco.  The  majority  seen  were  young,  the  light- 
colored  birds  being  observed  only  at  intervals.  Nearly  all  are  dai'k  smoky-brown,  but  here  and 
there  may  be  seen  one  with  a  ring  of  white  feathers  around  the  rump,  at  the  base  of  the  tail ;  and 
all  have  a  marked  line  of  white  surrounding  the  base  of  the  bill.  Those  with  the  white  on  the  tail 
almost  invariably  have  a  white  spot  under  each  eye.  The  graceful  evolutions  of  these  birds  afford 
one  of  the  most  pleasing  sights  during  a  voyage  across  the  North  Pacidc,  and  they  are  a  source  of 
continual  interest  during  the  otherwise  monotonous  passage. 

DIOMEDEA  BRACHYURA  Lemm. 

(164.)  Shobt-tailed  Albatboss. 

On  July  11, 1881,  at  Gape  Rome,  Alaska,  just  south  of  Bering  Strait,  was  seen  a  young 
Albatross  of  this  species  in  the  dark  plumage.  It  had  a  bright  yellow  bill,  with  a  bright  ring 
around  the  base,  evidently  produced  by  the  white  feathers  surrounding  the  base  of  the  beak. 
Later  in  the  season  adults  of  this  species  were  seen  between  Saint  Lawrence  Island  and  Plover 
Bay,  Siberia;  and  the  mandibles  of  two  specimens  were  obtained  in  the  ruined  villages  on  Saint 
Lawrence  Island.  As  we  passed  the  Diomede  Islands,  in  the  middle  of  Bering  Strait,  in  July,  a 
young  Short-tailed  Albatross  was  observed  circling  back  and  forth  over  the  rising  sea,  which  was 
being  covered  with  foam  by  the  gale  which  was  rising  at  that  time. 

These  records  are  the  most  northern  which  we  possess  of  this  bird,  and  extend  its  range,  as 
noted,  to  the  middle  of  Bering  Strait;  and  we  can  infer  from  this  that  the  bird  occasionally 
wanders  into  the  Arctic  Ocean.  To  the  south  among  the  Aleutian  Islands,  reaching  the  vicinity 
of  the  seal  islands  occasionally^  this  bird  is  very  abundant,  in  som^  instances  fifteen  or  twenty 
being  in  view  at  one  time  while  a  vessel  is  sailing  through  some  of  the  passes.  In  May,  1877, 
many  of  these  birds  were  seen  by  me  while  passing  from  Ounalaska  Island  east  to  Sanakh,  and 
again  upon  the  return  trip.  They  rarely  approached  the  vessel,  however,  and  it  was  impossible  to 
secure  one  of  them.  * 
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FULMORUSOLACIALIS  RODOER8I  (Cass.)  Coaes. 

(165.)  B(H)0£B's  Fulmab. 

This  is  aa  extremely  abundant  bird  over  ail  the  deep-water  portions  of  Bering  Sea,  extending 
into  the  Arctic  Ocean  to  the  vicinity  of  the  ice  pack.  It  rarely  visits  the  eastern  shore  of  the  sea, 
however,  from  the  mouth  of  the  Kuskoquim  north  to  the  head  of  Norton  Sound,  the  shallow  and 
muddy  character  of  the  water  here  apparently  not  being  suitable  for  the  presence  of  food  upon 
which  this  bird  exists.  On  the  western  shore  of  the  sea  in  the  vicinity  of  Plover  Bay  and  Saint 
Lawrence  Island,  thence  north  through  Bering  Strait,  the  bird  was  found  in  the  greatest  abundance 
during  the  visit  of  the  Corwin  to  that  region.  It  was  also  abundant  north  beyond  the  Straits 
along  the  Siberian  shore.  The  shallow  character  of  the  water  on  the  American  coast  north  of  the 
Straits  had  the  same  effect  in  not  presenting  suitable  foraging  ground  for  these  wide-rauguig 
lairds. 

Nordenskiold  tells  us  that  the  common  Fulmar,  which  is  the  North  Atlantic  representative  of 
the  bird  under  consideration  at  present,  is  much  more  common  on  Bear  Island  and  Spitzbergen 
than  it  is  upon  Nova  Zemlya.  It  breeds  abjundantly  on  Bear  Island  on  some  of  the  sloping  cliffs 
not  difficnlt  of  access.  One  case  is  mentioned  where  on  May  26, 1876,  the  eggs  were  seen  deposited 
directly  upon  the  bare  ice  which  covered  the  rocks  at  the  time.  In  one  place  a  bird  was  found 
frozen  fast  by  one  leg  as  it  sat  upon  the  eggs,  in  August,  1596,  as  recorded  by  one  of  the  old  Dutch 
exf^editions  which  touched  that  coast.  On  the  northern  part  of  Nova  Zemlya,  Barents  found  some 
Fulmars  nesting  upon  a  piece  of  ice  covered  with  a  little  earth.  In  both  of  these  cases  the 
underpart  of  the  egg  during  hatching  could  not  be  warmed  above  the  freezing  point. 

During  the  cruise  of  the  Corwin  in  Bering  Sea  and  the  Arctic,  it  was  observed  that  on  some 
days  Bodgei^s  Fulmars  would  be  seen  in  large  numbers ;  and  again  in  passing  over  the  same 
area  not  a  single  individual  would  be  noticed.  These  birds  breed  on  the  precipitous  islands  of 
Bering  Sea,  and  I  am  inclined  to  think  some  nest  upon  Herald  Island  in  the  Arctic  Ocean. 
Although  in  our  hasty  visit  to  that  island  none  were  seen,  yet  the  cliffs  on  the  side  opposite  our 
landing  were  eminently  suitable  for  nesting  places  such  as  these  birds  delight  to  choose,  and  the 
abundance  of  the  bird  up  to  within  a  comparatively  short  distance  of  this  land,  rendered  the 
supposition  probable.  Elliot  found  them  breeding  in  greatest  abundance  upon  the  fur-seal  islands, 
where  he  secured  their  eggs. 

As  we  approached  the  harbor  of  Ouualaska  on  September  22,  1881,  hundreds  of  these  birds 
were  seen  in  the  ordinary  light-colored  plumage,  which  were  in  company  with  about  an  equal 
number  of  birds  either  of  the  same  species  or  a  closely  related  one  of  exactly  the  same  size, 
which  were  clad  in  a  sooty-brown  or  blackish-brown  plumage.  Both  birds  were  sitting  in  the 
water  in  immense  flocks,  covering  acres,  and  as  we  steamed  among  them  they  appeared  totally 
unable  to  rise,  the  vessel  almost  running  down  numerous  individuals  as  they  flapped  clumsily 
along  the  surface  of  the  water  trying  to  rise;  the  perfectly  calm  sea  at  the  time  apparently 
rendered  the  birds  almost  helpless. 

Mr.  Ridgway  suggests  that  the  dark-colored  birds  seen  at  that  time  were  the  Slender-billed 
Fulmar,  which  may  be  the  case,  but  if  so  it  shows  that  these  birds  exist  in  large  numbers  in 
the  North,  although  they  have  not  been  secured  by  the  numerous  naturalists  who  have  visited 
that  region.  A  number  of  these  dark  birds  were  also  seen  north  of  Bering  Strait  on  two 
occasions,  and  should  undoubtedly  be  referred  to  the  same  species  as  those  seen  in  the  vicinity 
ot  Ounalaska,  of  which  unfortunately  no  specimens  were  secured. 

PRIOCELLA  TENUIROSTRIS  (And.)  Ridgw. 

(166.)  Slendebbilled  Fulmab. 

There  is  but  a  single  record  of  this  bird's  capture  on  the  coast  of  Alaska.  This  was  at 
Kotzebue  Sound,  whence  Mr.  Dall  secured  a  single  skin  during  his  explorations  in  the  Territory . 
Several  times  during  our  cruising  in  the  Arctic  in  the  summer  of  1881,  a  dark-colored  Fulmar 
was  seen  in  company  with  the  common  species  and  of  about  the  same  size.    This  may  perhaps  be 


^^  ^  ^ 
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the   Slender-billed  species,  althongh    it  was   impossible   to  identify  them  positively,  since  no 
specimens  were  secured. 

As  we  approached  Oanalaska  in  September,  large  numbers  of  dark-plumaged  Fulmars  were 
also  seen  in  company  with  the  common  species  (rodgersi)^  but  then,  as  before,  it  was  impossible  to 
secure  specimens.  The  intensity  of  the  dark  coloring  in  many  of  these  specimens  seemed  to 
preclude  the  idea  of  their  being  referable  to  Rodger's  Fulmar,  and  it  is  to  be  hoped  that  any 
naturalist  visiting  the  Territory  hereafter  may  pay  especial  attention  to  securing  some  of  these 
birds,  and  thus  settle  the  point;  for  if  these  dark-colored  birds  were  the  slender-billed  species 
it  must  be  a  very  common  bird,  notwithstanding  its  having  escaped  the  notice  of  every  naturalist 
who  has  visited  the  Territory  within  the  last  ten  or  fifteen  years. 

CYMOCHOREA    LEUCORRHOA  (Vieill.)  Coaes. 

(167.)  Leaghe's  Peteel. 

These  birds  are  very  numerous  in  the  vicinity  of  the  Aleutian  Islands,  but  are  soon  lost  sight 
of  when  these  islands  are  left  in  parsing  to  the  north.  South  from  these  islands  they  occur  over 
the  entire  Pacific,  from  the  Aleutian  chain  to  San  Francisco.  They  are  yet  unknown,  even  north 
to  the  fiir-seal  islands,  although  they  undoubtedly  reach  that  group  occasionally. 

CYMOCHOREA   MELiBNA  (Bp.)  Coaes. 

(168.)  The  Black  Petrel.  ! 

As  we  left  the  Aleutian  Islands  on  our  way  to  San  Francisco  in  October,  and  thence  on  for 
several  hundred  miles,  a  large  Black  Petrel  was  repeatedly  seen.  The  size  of  this  bird  would 
indicate  that  it  was  the  species  mentioned  above,  although  no  specimens  were  secured.  It  was 
repeatedly  seen  in  company  with  Leache's  Petrel  and  the  Forked-tailed  species,  and  excellent 
opportunities  were  aftbrded  forjudging  of  its  relative  size. 

OCEANODROMA   FURCATA  (Omel.)  Bp. 

(169.)  Forked-tailed  Petrel. 

This  elegant  Petrel  is  found  over  all  Bering  Sea,  reaching  Saint  Michael's,  and  about  the 

head  of  Norton's  Sound,  as  well  as  Bering  Strait.     It  was  found  nesting  on  some  islets  in  the 

middle  of  Unimak  Pass,  near  Oanalaska,  by  Mr.  Dall,  and  is  numerous  along  the  entire  Aleutian 

chain.    To  the  north  the  bird  is  less  and  less  abundant  the  farther  one  goes,  and  perhaps  never 

penetrates  to  the  Arctic  aide  of  Bering  Strait.    Several  specimens  were  secured  in  the  vicinity  of 

Saint  Michael's  during  my  residence  there,  and  they  are  well  known  to  the  natives,  who  find  them 

while  they  are  seal  hunting,  far  ofl*  jshore,  the  birds  larely  coming  close  to  the  coast.    These  are 

among  the  most  beautiful  of  the  Petrels.    The  delicate  fc^hade  of  the  entire  plumage  and  the  bird's 

graceful  motions  are  marked  even  among  this  gionp  of  birds,  proverbial  for  their  grace  and 

elefuince  upon  the  wing. 

I  FREOETTA   ORALLARIA  (VieiU.)  Bp. 

(170.)  White-bellied  Petrel. 

R'om  the  time  we  left  the  Aleutian  Islands  in  October,  until  we  were  eight  or  nine  hundred 
luilts  ofttant  to  the  south,  scarcely  a  day  passed  but  a  Petrel  with  the  belly  white,  and  answering 
cloBel|  in  all  its  markings  to  the  degcription  given  of  this  bird,  was  seen  circling  about.  They 
were  fiequently  quite  clo^e  to  the  vessel,  and  were  carefully  examined  with  glasses,  and  the 
peculiar  markings  were  such  as  to  distinguish  them  from  the  other  Petrels  almost  as  iar  as  they 
could  be  seen.  They  were  in  company  with  other  Petrels  and  appeared  less  numerous  than  any 
of  the  other  species. 

H.  Ex.  106 15 
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PODIOIPIDJB.    GEEBES. 

PODICBP8  POLBSLLI  Reinh. 

(171.)  Amebioan  Eednegked  Gbebe. 

These  Grebes  are  qaite  numerous,  occurring  along  the  entire  American  coast  of  Bering  Sea, 
and  breeding  from  the  Peninsula  of  Aliaska  to  the  vicinity  of  the  Straits.  They  are  most 
numerous,  however,  in  autumn,  when  they  are  found  frequenting  the  sea;  and  some  years  from 
ten  to  a  dozen  specimens  may  be  secured,  while  in  others  but  one  or  two  will  be  seen.  It  is 
unknown  from  the  islands  and  the  Asiatic  shore  of  this  sea,  and  the  only  portion  of  the  Arctic 
coast  of  which  I  have  proof  of  its  occurrence  is  in  Kotzebue  Sound,  where  it  also  nests  in  summer. 

DTTBSAURITUB  (Linn.)  Ridgw. 

(172.)  Horned  Gbebe. 

Like  the  preceding,  this  bird  is  found  all  along  the  mainland  shore  of  this  sea,  where,  however, 
it  breeds  very  sparingly,  being  mainly  an  inland  species.  It  is  found  quite  frequently  in  the 
interior,  where  it  nests  and  visits  the  sea-coast  during  the  autumnal  migration.  It  is  also  found 
on  the  shore  of  Kotzebue  Sound,  but  is  not  known  from  the  islands  of  this  sea  nor  the  Asiatic  coast. 

COLTMBID^.    LOONS. 

COLTMBUS  TORQUATUB  Brtinn. 

(173.)  The  Loon. 

This  bird  is  found  along  the  Bering  Sea  coast,  on  both  sides,  and  also  upon  the  shore  of  the 
Arctic,  breeding  wherever  found.  It  is  not  abundant  in  this  region,  neither  is  it  rare.  There  is 
no  record  of  its  occurrence  upon  any  of  the  islands  of  this  sea,  although,  as  noted,  it  occurs  on 
both  shores. 

COLTMBUB  ADAMSI  Gray. 

(174.)  Great  White-billed  Loon. 

This  bird,  the  largest  of  the  Loons,  has  a  circumpolar  distributiou,  although  it  is  not  known 
to  occur  in  abundance  at  any  locality.  It  is  found  breeding  about  Kotzebue  Sound,  whence  the 
natives  brought  me  several  specimens,  and  reported  the  bird  to  be  rather  common  there  in  summer. 
I  secured  a  young  bird  at  Saint  Michael's  in  autumn,  and  it  is  known  to  occur  on  the  Asiatic 
shore.  There  is  no  record  of  its  presence  about  the  Bering  Sea  Islands,  but,  like  the  other  species 
of  Loons,  it  undoubtedly  visits  these  islands,  during  the  migrations  at  least.  The  difficulty  of 
studying  the  birds  which  frequent  the  sea  about  these  storm-beaten  islands  is  apparent,  and 
accounts  for  the  little  progress  which  can  be  made  in  determining  the  full  number  of  species 
which  are  found  in  their  vicinity. 

COLTMBUS  ARCTICUB  Linn. 

(176.)  Black-theoated  Loon.  ^ 

This  bird  is  found  everywhere  along  the  shore  of  Bering  Sea  on  the  American  coast,  4nd  is 
very  abundant,  nesting  along  the  shore  from  the  Peninsula  of  Aliaska  north  to  Kotzebue  Sound. 
It  was  also  seen  in  Bering  Strait  the  first  of  July,  and  noted  on  several  occasions  along  the 
Asiatic  shore,  where  it  also  breeds.  It  has  not  been  recorded  from  the  islands  of  this  sea,  although 
undoubtedly  occurring  there  in  the  migrations.  V 

\ 

COL7MBU8  PACIFICU8  Lawr.  K 

(176.)  Paoifio  DrvEB. 

This  bird  is  very  rare  on  the  coast  of  Bering  Sea.  Among  the  large  number  of  Black-throated 
Loons  secured  by  me,  only  one  proves  to  belong  to  this  bird,  and  the  same  proportion  is  found  to 
hold  good  with  other  collections  which  have  been  brought  from  that  country.    This  specimen  ^was 
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taken  at  Saint  Michael's.    The  predominanee  of  arcticus  probably  holds  good  for  all  the  Bering 
Sea  localities. 

COLTMBUS  SEPLENTRIONALIS  Linn. 

(177.)  Red-thboated  Diyeb. 

This  bird  is  present  in  about  equal  numbers  with  the  black-throated  species,  and  is  extremely 
familiar,  its  loud  note  and  peculiar  habits,  like  that  of  the  other  Loons,  rendering  it  well  known 
to  any  one  who  becomes  familiar  with  the  marshes  of  the  North.  It  nests  abundantly  all  along 
the  coast  from  the  Peninsula  of  Aliauka  to  Kotzebue  Sound,  extending  across  the  sea  to  the 
Siberian  shore,  but  is  not  known  from  the  islands  of  this  sea,  although  it  undoubtedly  occurs 
there. 

ALOIDJS.    AUKS. 

FRATERCULA  CORNICULALA  (Haom.)  Gray. 

(178.)  HoBNED  Puffin. 

This  is  one  of  the  most  common  birds  found  in  Bering  Sea.  It  nests  abundantly  all  along  the 
Aleutian  chain  and  upon  all  the  rocky  islets  of  this  sea,  as  well  as  almost  every  rocky  cape  which 
projects  along  the  coast  line.  It  was  seen  by  us  in  small  numbers  off  Cape  Serdze  Kamen  on 
June  29,  1881,  and  a  few  were  noted  at  East  Cape  the  first  of  July.  At  Herald  Island  a  single 
specimen  was  seen,  and  in  the  vicinity  of  Cape  Thompson  and  Cape  Lisburne,  on  the  American 
shore,  a  few  were  seen,  but  they  were  not  abundant.  Puffin  Island,  a  small  rocky  islet  in 
Escholtz  Bay,  Kotzebue  Sound,  is  literally  alive  with  these  birds,  which  cover  the  rocks  as 
they  perch  along  the  slope  of  the  rocky  shore.  While  visiting  this  islet  a  bird  was  seen  coming  in 
from  the  sea,  carrying  four  sticklebacks  in  its  mouth.  The  fish  were  placed  crosswise  in  the  bill, 
and  the  bird  looked  very  odd  as  it  came  swiftly  along  with  the  fish  so  held.  It  flew  directly  to  a 
crevice  in  the  rocks  and  disappeared.  While  walking  over  the  island  the  growling  and  grunting 
noises  made  by  the  birds  is  distinctly  heard,  and  the  entire  ground  appears  to  be  alive  with 
them.  The  representative  of  this  bird  in  the  North  Atlantic,  the  Large-billed  Puffin,  breeds  in 
small  numbers  about  the  northeast  end  of  Spitzbergen  and  on  Nova  Zemlya,  which,  with  the 
record  from  Herald  Island,  forms  the  northernmost  data  we  posesss  concerning  their  distribution. 

LUNDA  CIRRHATA  FaU. 

(179.)  Tufted  Puffin. 

These  birds  are  very  common  all  along  the  Aleutian  chain,  and  thence  north  to  Bering  Strait. 
They  are,  however,  much  less  abundant  in  nearly  every  place  than  their  relative,  the  Horned 
Puffin,  which  has  the  same  distribution.  A  few  of  the  present  species  were  seen  at  Cape 
Thompson,  on  the  Alaskan  coast  of  the  Arctic,  July  19,  but  they  were  far  more  scarce  than  the 
-other  species.  They  were  also  seen  ofi'  Cape  Serdze  Kamen  the  last  of  June,  and  again  at  East 
Cape)  the  first  of  July.  The  same  proportion  was  found  to  hold  in  Kotzebue  Sound,  so  it  is 
evidel^t  that  this  bird  is  a  more  southern  species  than  its  relative. 

FHALERIS  PSITTACULA  (Pall.)  Temm. 

^  (180.)  Pabbot-billed  Auk. 

The^e  odd  birds  are  very  common  in  Bering  Sea,  from  the  Aleutian  Islands  north,  breeding  in 
great  Sundance  upon  the  fur-seal  group  and  all  the  other  islands  of  this  sea.  They  also  swarm 
by  thdlsands  about  the  Diomedes  and  other  islands  of  Bering  Strait,  besides  along  the  Siberian 
shore,  where,  at  Plover  Bay,  we  found  them  in  the  greatest  abundance.  They  were  also  seen  oflf 
Cape  Serdze  Kamen  on  June  29, 1881.  It  rarely  extends  its  range  beyond  the  Straits,  however. 
On  August  26,  while  on  an  excursion  to  the  head  of  Plover  Bay,  we  secured  quite  a  number  of 
these  birds,  and  in  every  case  found  them  gorged  with  the  small  crustaceans  which  swarmed  in 
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the  water  there.  They  were  extremely  numerous  here,  as  well  as  all  along  this  portion  of  the  coast. 
Their  oddly  shaped  bill  is  well  adapted  for  capturing  the  minute  Crustacea  with  which  the  waters 
abound  in  this  region,  though  it  would  not  answer  the  purpose  for  opening  bivalves,  as  suggested 
by  some  of  the  older  authors.  Early  in  July  it  was  found  nesting  upon  the  Diomede  Islands,  and 
its  eggs  were  secured.  It  lays  but  a  single  one,  which  is  white  and  about  the  size  of  that  of  a 
pigeon. 

SIMORH7NCHUS  CRISTATELLUS  (Pall.)  Merron. 

(181.)  Crested  Auk. 

Like  the  preceding  species,  this  bird  is  extremely  numerous  in  Bering  Sea,  but  like  the  latter 
prefers  those  portions  of  the  sea  in  which  the  water  is  very  deep  and  cold.  Hence  along  the 
Alaskan  shore  the  birds  are  rare,  but  upon  the  Aleutian  Islands  and  the  fur-seal  group,  the 
Diomedes,  in  Bering  Strait,  and  the  Asiatic  shore  north  through  the  Straits  they  are  very  numerous, 
swarming  like  bees  around  a  hive  over  the  steep  rocky  islands  which  are  found  in  these  waters. 
Several  of  these  birds  were  seen  in  the  vicinity  of  Herald  Island  during  our  visit  there,  but  they 
appeared  to  be  very  rare,  as  compared  with  the  Guillemots  and  Murres.  At  Wrangel  Island 
also,  on  August  11  and  12,  others  were  seen,  but  only  two  or  three  individuals  in  all. 

SIMORH7NCHUS  PyOMJEUS  (Omel.)  Ridgw. 

(182.)  Whiskered  Auk. 

These  birds  are  found  along  the  Aleutian  chain,  but  are  not  known  from  the  islands  to  the 
north  ot  that,  and  were  not  observed  by  us  during  the  cruise  of  the  (Jorwin.  Tbe  habits  and 
distribution  of  this  species  are  little  known,  and  it  did  not  tall  under  my  observation  during  the 
time  of  my  residence  at  Saint  Michael's  nor  upon  either  of  my  visits  to  the  Aleutian  Islands. 

CICERONIA  PUSILLA  (Pall.)  Ridgw. 

(183.)  Least  Auk. 

These  birds  are  extremely  abundant,  breeding  by  millions  along  the  Aleutian  chain  and  upon 
all  the  other  islands  of  Bering  Sea,  thence  north  to  Bering  Strait,  occurring  rarely,  however,  upon 
the  American  mainland  coast,  but  found  very  commonly  tdong  the  Siberian  shore.  A  pair  were 
seen  August  15  off  Icy  Cape,  on  the  Arctic  coast  of  Alaska,  which  is  the  farthest  northern  record 
known  of  this  small  species.  A  few  were  seen  off  Cape  Serdze  Kamen  on  June  29, 1881,  and  these 
two  records  are  all  we  have  of  their  presence  in  the  Arctic. 

PT7CORHAMPHUS  ALEUTICUS  (Pall.)  Brandt. 

(184.)  Cassin's  Auk. 

This  is  another  species  occurring  on  the  Aleutian  Islands,  which,  however,  was  not  noted  by 
us  during  the  cruise  of  the  Corwin,  and  whose  range  does  not  extend  far,  if  any,  into  Bering  Sea 
beyond  the  immediate  vicinity  of  these  islands. 

S7NTHLIBORHAMPHUS  ANTIQUUS  (Om.)  Coues.  ^ 

(186.)  Black-thboated  Guillemot. 

This  is  also  a  species  occurring  in  the  Aleutian  Islands,  which  did  not  fall  under  our  notice, 
occurring,  however,  more  or  less  commonly  there.  ^ 

( 

BRACH7RHAMPHUS  MARMORATUS  (Om.)  Brandt  \ 

\ 

(186.)  Mabbled  Guillemot.  ^ 

This  is  an  extremely  abundant  species  throughout  the  Aleutian  Islands,  where  it  breeds  and 
extends  its  range  northward  along  the  west  coast  of  Bering  Sea  to  Bering  Strait.  It  was  found 
very  numerous  during  our  visits  to  Plover  Bay,  and  thence  along  the  shore  to  the  Straits;  but 
was  not  observed  to  the  north  of  this  latter  point. 
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BRACH7RHAMPHUS  KITTLITZI  Brandt. 

(187.)  KiTTLiTZ's  Guillemot. 

This  extremely  rare  bird  was  observed  by  me  at  Unalaska  in  the  spring  of  1877,  where  I 
secured  a  single  specimen  in  the  breeding  plumage.  It  was  also  taken  towards  the  western  end 
of  this  chain  by  Mr.  Turner  a  few  years  later,  and  with  these  two  specimens  ends  the  known 
history  of  this  species  on  these  islands  up  to  the  present  date. 

URIAaRTLLE  (Linn.)  Brunn. 

(188.)  Black  Guillemot. 

These  birds  occur  throughout  Bering  Sea  and  are  numerous.  They  extend  their  range  also 
well  into  the  Arctic,  reaching  Herald  and  Wrangel  Islands,  and  specimens  were  noted  by  the 
naturalist  of  the  Jeannette,  who  records  them  in  the  vicinity  of  those  islands,  discovered  during 
the  explorations  made  by  the  people  of  that  vessel. 

In  that  portion  of  the  Arctic  north  of  the  Atlantic  the  Black  Guillemot  is  found  breeding 
north  to  8(P  in  some  cases,  although  it  is  more  numerous  south  of  this.  It  was  found  nesting 
with  Bruunich's  Guillemot  in  longitude  113^  east  by  Nordenskiold  during  his  voyage.  During 
the  drift  of  the  Jeannette  it  was  seen  passing  to  the  westward  on  May  I,  1880,  and  at  various 
other  places  was  observed.  Upon  Bennett  Island  it  was  found  nesting  in  great  numbers  the  20th 
of  July,  1880.  On  April  6,  1881,  it  was  found  in  about  latitude  76^,  longitude  161^  east.  During 
its  residiMice  in  these  high  latitudes  it  is  reported  to  feed  upon  the  small  Arctic  tom-cod,  whifh 
the  naturalist  of  the  Jeannette  reports  to  have  seen  the  h\vd  kill  by  beating  them  upon  the  wat^r 
and  shaking  them  in  their  bills.  These  birds  were  quite  numerous  at  Herald  Island.  As  we 
approached  through  the  ice  on  the  30th  of  July  flock  after  flock  of  them,  joined  with  the  Murre 
came  off  towards  the  Corwin.  When  we  were  making  a  lauding  large  numbers  of  them  were  seen 
bringing  fish,  from  three  to  four  inches  in  length,  to  their  young,  and  as  the  waters  surrounding 
this  island  were  seen  to  swarm  with  crustaceans,  there  appeared  to  be  an  abundance  of  food. 

URIA  COLUMBA  (Pall.)  Cass. 

(189.)  Pigeon  Guillemot. 

This  is  the  most  abundant  of  the  small  Guillemots  throughout  the  North,  from  the  Aleutian 
Islands  to  those  of  Wrangel  and  Herald,  where  we  found  it  breeding  abundantly  during  our  visit 
^  there  on  the  Corwin.    We  found  it  near  Cape  Serdze  Kamen,  where  it  was  nesting,  and  also  in 

^T  great  abundance  upon  Herald  Island,  where  it  was  perhaps  the  most  abundant  bird  present,  far 

^  outnumbering  the  Murre.    It  waB  also  nesting  upon  East  Cape,  the  Diomede  Islands,  and  along 

the  entire  portion  of  the  Siberian  coast  wherever  cliffs  and  mountainous  slopes  occurred  fronting 
)       the  sea.    None  was  observed  on  the  western  portion  of  the  New  Siberian  Islands  by  Norden- 
skiold, but  the  Chukchees  reported  it  to  him  as  wintering  at  Tapkan,  wherever  open  water  was 
"  ^^^M^  during  that  season. 

1  LOMVIA  TROILE  CALIFORNICA  (Bryant)  Coues. 

(190.)  California  Guillemot. 

Ikese  birds  are  found  along  the  Pacific  coast,  reaching  to  the  Aleutian  Islands,  beyond  which 
it  is  uQ^tain  how^  far  their  range  extends.  They  were  not  observed  by  us  during  the  cruise  of  the 
CorwioJnn  the  Arctic,  although  among  the  millions  of  Murres  which  breed  upon  the  cliffs  on  the 
shores^f  this  sea,  both  north  and  south  of  Bering  Strait,  it  is  very  probable  they  may  occur. 

I  LOMVI  ARRA  (Pall.)  Bp. 

(191.)  Thiok-billed  Guillemot. 

This  bird  occurs  in  greatest  abundance  throughout  Bering  Sea  and  the  adjoining  portions  ox 
the  Arctic,  reaching  Herald  and  Wrangel  Islands,  where  we  found  it  breeding  by  thousands. 


*v. 
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The  bird  also  occurs  along  both  shores  of  Bering  Sea  in  the  greatest  numbers  wherever  clifGs  a£ford 
proper  nesting  sites.  At  Cape  Serdze  Kamen,  northwest  of  Bering  Strait,  we  found  it  in  large 
numbers  just  off  shore,  and  again  at  East  Cape  on  the  rocky  faces  of  the  cliffs,  as  well  as  upon 
the  islands  in  the  middle  of  the  Straits.  It  was  rather  scarce,  however,  among  the  islands  in 
Kotzebue  Sound.  On  July  30,  1881,  as  we  drew  near  Herald  Island  on  the  Corwin  this  bird 
became  more  and  more  abundant,  circling  about  us  or  alighting  in  small  parties  and  singly  among 
loose  blocks  of  ice,  sometimes  standing  upon  the  ice  or  sitting  upright  near  its  edge.  Flocks 
came  swinging  about  us  in  circles,  apparently  filled  with  curiosity  at  the  strange  apparition 
breaking  in  upon  their  quiet.  As  we  drew  still  nearer  myriads  of  Guillemots  and  these  birds^ 
with  large  numbers  of  the  Kittiwake  Gull,  came  swarming  down  from  the  cliffs  until  the  air  was 
filled  with  their  moving  forms,  and  occasionally  the  awkward  shape  of  a  Cormorant  was  seen  as  it 
passed  back  and  forth  and  then  returned  again  to  its  home  among  the  ledges. 

On  two  occasions  one  of  the  Murres  was  seen  perched  upon  the  edge  of  an  icecake  a  few 
yards  in  diameter  and  staring  at  us  intently  until  the  bow  of  the  vessel  struck  the  opposite  sides 
of  its  support,  when  the  bird  would  plump  into  the  water  with  ridiculous  haste. 

As  we  climbed  the  steep  faces  of  the  island  many  of  them  dropped  off  their  perches  here  and 
there  and  circled  back  and  forth  above  oar  heads,  uttering  at  the  time  a  peculiar  low  growling 
note.  The  Guillemots  had  a  fine  piping  note,  which  they  also  uttered  daring  oar  ascent  of  the 
island.  Both  birds  were  extremely  unsuspicious,  and  allowed  us  to  pass  within  a  few  yards 
without  showing  any  signs  of  fear. 

LOMVIA  ARRA  BRUNNICHI  (Sch.)  Ridgw. 

(192.)  Brunnich's  Guillemot. 

There  is  no  record  of  this  bird  from  Bering  Sea,  but  it  breeds  on  Spitzbergeu  and  Nova 
Zemlya  and  islands  of  that  region  north  to  80^  at  least.  Nordenskiold  found  half-grown  young  on 
the  Preobrao  Islands,  August  24,  during  his  voyage.  It  was  also  seen  by  him  east  of  Cape 
Cheljuskin. 

This  bird,  like  the  Black  Guillemot,  is  reported  by  him  as  wintering  in  the  Arctic  wherever 
open  places  occur  during  that  season. 

The  naturalist  of  the  Jeannette  observed  it  the  first  of  May,  1880,  as  it  was  flying  to  the 
westward  by  their  vessel,  and  it  was  seen  again  at  various  times  during  the  drift  of  that  vessel, 
and  was  breeding  upon  Bennett  Island  in  greatest  abundance.  It  is  upon  this  last  record  that 
the  bird  is  included  within  the  present  list,  since  we  have  no  record  of  its  occurrence  nearer 
Bering  Strait. 


lilST  OF  FISHISS  KNOWN  TO  OCCUR  IN  THE  ARCTIC  OCEAN  NORTH  OF  BERING 

STRAIT. 

[Prepared  for  Capt.  G.  L.  Hooper,  United  States  Revenue  Marine,  by  Tableton  H.  Bean,]  f^ 

The  following  list,  based  exclusively  upon  the  collections  of  the  United  States  National 
Museum,  is  incomplete;  but  the  material  upon  which  it  is  founded  is  in  the  Museunf  and 
constitutes  a  voucher  for  the  names  employed.  Many  other  fishes  certainly  exist  in  this  portion 
of  the  Arctic,  but,  as  this  does  not  profess  to  include  all  recorded  species,  it  is  unnecessfiry  to 
compile  additional  names :  i 

1.  Oastebosteus  pungitius  L.  subsp.  BBAOHYPODA  Beau.  I 

Elephant  Point,  Escholtz  Bay,  September  2, 1880.    Dall  &  Bean.  f 

Near  ley  Gape,  Arctic  Ocean,  August  25,  1880.    T.  H.  Bean.  * 

2.  Pleuboneotes  stellatus  Pallas. 

Anderson  Biver,  fide  Prof.  S.  F.  Baird. 

Hotham  Inlet,  Kotzebue  Sound,  1880.    Capt.  G.  L.  Hooper. 
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3.  Plsuboneotes  aLACiALis  Pallas. 

Hotham  Inlet,  Kotzebae  Souud,  1880.    Capt.  C.  L.  Hooper. 
Chamisso  Island,  Kotzebae  Sound,  September  2, 1880.    Dall  &  Bean. 

4.  BoBEoaADUS  SAiDA  (Lepech.)  Bean; 

Cape  Lisbame,  Arctic  Ocean,  Augnst  21,  1880.    Dall  &  Bean. 

Latitude  66^  45'  north,  longitude  166^  35'  west,  August  19, 1880.    Herendeen  &  Bean. 

5.  Otmnelis  vieidis  (Fabr.)  Reinhardt. 

I  have  identified  a  specimen  of  this  species  from  the  far  north,  but  it  does  not  belong  to 
the  collection. 

6.  Ltoodes  ooooineus  Bean. 

Big  Diomede  Island,  September  10, 1880.    T.  H.  Bean. 

7.  NOTOGBAMMUS  BOTHEOOKii  Bean. 

Cape  Lisburne,  August  21, 1880.    Dall  &  Bean. 

8.  LuMPENUS  ANauiLLABis  (Pallas)  Oirard. 

Point  Belcher,  Arctic  Ocean,  August  27, 1880.    Dall  &  Beau. 

9.  PODOTHEOUS  AOIPENSEBINTJS  (Pallas)  Gill. 

Cape  Lisburne,  Arctic  Ocean,  August  21, 1880.    (No  barbels.)    Dall  &  Bean. 

10.  CoTTUS  T-ffiiNiOPTEBUS  Kner. 

Point  Belcher^  Arctic  Ocean,  August  27, 1880.    Dall  &  Bean. 

11.  CoTTUS  HUMiLis  Bean. 

Chamisso  Island,  Escholtz  Bay,  August  27, 1880.    Dall  &  Bean. 
Point  Belcher,  Arctic  Ocean,  August  27, 1880.    Dall  &  Bean. 

12.  Gymnaoanthus  pistilligeb  (Pallas)  Gill. 

Point  Belcher,  Arctic  Ocean,  August  27, 1880.    Dall  &  Bean. 

13.  Gymnacanthus  galeatus  Beau. 

on*  Cax)e  Sabine,  Arctic  Ocean,  August  24, 1880.    Dall  &  Bean. 

14.  Ammodytes  amebicanus  De  Kay. 

Point  Belcher,  Arctic  Ocean,  August  27,  1880.    Dall  &  Bean. 

15.  Osmebus  spibincus  Pallas. 

Kotzebue  Sound,  September  2, 1880.    E.  P.  Herendeen. 

I  am  not  certain  that  this  sx>ecies  is  distinct  from  0.  dentex  Steind. 

16.  Mallotus  villosus  (MiLller)  Cuv. 

Bering  Strait.    Wm.  Simpson. 
^       Cape  Lisburne,  Arctic  Ocean,  August  21,  1880.    Dall  &  Bean. 
>       Point  Belcher,  Arctic  Ocean,  August  27, 1880.    Dall  &  Bean. 

17.  COBEGONUS  LAUBETTJB  Bean. 

Point  Barrow,  Arctic  Ocean,  1880.    Capt.  C.  L.  Hooper. 

18.  OoBEGONUS  MEBOEn  var. 

Hotham  Inlet,  Kotzebue  Sound,  1880.    Capt.  C.  L.  Hooper. 

19.  ^AiiYELiNns  MALMA  (Walb.)  Jordan  &  Gilbert 

Hotham  Inlet,  1880.  Capt.  C.  L.  Hooper. 
Hotham  Inlet,  1880.  Capt.  0.  L.  Hooper. 
Hotham  Inlet,  1880.  Capt.  C.  L.  Hooper. 
Oai>e  LiBbumOy  Arctic  Ocean,  August  21, 1880.    Dall  &  Bean. 
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20.  Oncoehynohus  (K)BBnsoHA  (Walb.)  Gill  &  Jordan. 

Colville  River,  fide  Capt.  B.  E.  Smith.    Abundant  in  Plover  Bay. 

21.  Onoobhynohus  keta  (Walb.)  Gill  &  Jordan. 

Bering  Strait,  1880.    D.  S.  Jordan. 

Hotham  Inlet,  Kotzebue  Sound,  1880.    Capt.  C.  L.  Hooper. 

It  may  be  not  out  of  place  to  name  the  following  common  species  which  properly  belong  to 
the  fauna : 

STiCH-fiUS  PUNCTATUS  (Pabr.)  Reinhardt.     . 

LiPABIS  Sp. 

EuMiCEOTEBMUS  SPiNOSUS  (Pabr.)  Gill. 
Tbiglops  pingblu  Reinhardt. 
ICBLUS  NAMATUS  Kroyer. 

COBEGONTJS  QUADBILATEBALI8  Rich. 

Thymallus  signifbb  (Rich.)  C.  &  V.    Var. 
Clxjpea  mibibalis  Girard.    Signifer. 
SosiMOSUS  MiCBOOEPTALUS  (Block)  Gill. 

United  States  National  Museum,  Washington^  June  28, 1882. 
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Navy  Department, 

Wdshingionj  May  2, 1882. 
Sm:  I  have  the  honor  to  commnnicate  to  the  ISenate,  in  compliance  with  its  resolution  of  the 
17th  of  March  last,  "such  information  as  has  been  collected  by  the  Bureau  of  iN'avigation  relating 
to  the  problem  of  interoceanic  communication  by  the  American  Isthmus." 

I  have  the  honor  to  be,  sir,  very  respectfully,  your  obedient  servant, 

WM.  E.  CHANDLER, 

,     Secretary  of  the  Navy. 
Hon.  David  Davis, 

President  pro  tern,  of  the  United  States  Senate. 


Navy  Dbpaetment, 

Washington^  D.  0.,  April  28,  1883. 

Sib:  In  fulfillment  of  the  duty  to  which  I  was  assigned  by  the  Department,  I  have  the  honor 
to  transmit  herewith  a  report  on  the  problem  of  interoceanic  communication  by  way  of  the 
American  Isthmus. 

The  plan  which  I  adopted  for  the  preparation  of  this  report  is  intended  to  meet  the  wants  of 
those  who  do  not  understand  the  conditions  of  the  problem,  and  to  refer  those  who  desire  a  fuller 
knowledge  to  the  sources  of  information.  While  a  full  development  of  the  subject  involved  the 
necessity  of  entering  into  many  descriptive  and  historical  details,  the  arrangement  is'  such  that 
the  seeker  after  purely  technical  information  can  refer  directly  to  the  concluding  chapters  for  a 
comparison  of  the  leading  canal  routes.  To  add  to  the  value  of  this  comparison,  it  is  based  upon 
the  opinions  of  others  and  not  upon  my  own.  These  opinions  have  been  gleaned  from  official 
documents  and  from  the  various  discussions  which  have  taken  place  before  scientific  societies. 

Prof.  J.  E.  Nourse,  XJ.  S.  N.,  who  assisted  in  the  preparation  of  Rear- Admiral  Davis's  report 
on  interoceanic  canals  and  railroads  in  1867,  and  who  has  since  that  time  maintained  a  most  inti- 
mate connection  with  the  literature  of  the  subject  of  interoceanic  communication,  was  assigned  by 
the  Department  to  the  duty  of  preparing  the  present  report,  but,  unfortunately,  through  sickness 
and  his  subsequent  retirement,  the  duty  devolved  upon  me.  At  the  outset  I  was  selected  to  render 
such  assistance  as  could  be  derived  from  my  Isthmian  experience.  I  am  indebted  to  Professor 
Nourse  for  having  placed  at  my  command  his  valuable  collection  of  authorities,  and  also  for  the 
use  of  his  manuscripts,  from  which  I  have  made  selections  and  included  them  in  the  historical 
portion  of  the  report. 

Of  Ensign  J.  H.  L.  Holcomb,  U.  S.  N.,  who  was  associated  with  me  for  a  short  period,  it  gives 
me  pleasure  to  state  that  he  was  not  only  zealous  in  assisting  me,  but  that  he  brought  to  the  work 
a  knowledge  of  engineering  science  which  made  this  assistance  very  valuable. 

Trusting  that  in  the  execution  of  this  duty  I  have  met  the  requirements  of  the  Department,  I 
am,  sir,  very  respectfully, 

JNO.  T.  SULLIVAN, 

Lieutenant^  U.  8.  Navy. 

Com.  John  O.  Walkbe,  U.  13.  N., 

Chief  of  Bureau  of  Navigation^  Navy  Department. 
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1.  General  map  of  the  American  Isthmus  audits  adjacent  coasts. 

2.  Map  of  the  Isthmus,  showing  the  localities  which  have  been  made  the  subject  of  study  or  exploration,  and  also  the 
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tion of  1870. 
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*  The  tinted  maps  are  intended  to  illustrate  the  text,  and  while  sufficiently  accurate  for  this  purpose  it  must  be 
understood  that  the  topography  of  the  Isthmus  is  but  little  known  except  in  the  immediate  vicinity  of  the  lines  of 
survey.  The  orological  features  are  developed  with  a  view  to  show  not  only  the  mountainous  character  of  the  coun- 
try, but  to  give  an  idea  of  the  general  features  of  the  systems  which  prevail  in  different  localities.  As  the  delineator 
of  this  series  of  maps  I  am  responsible  for  their  imperfections.— J.  T.  Sullivan. 


General  map  of  the  American  Isthmus  and  its  adjacent  coasts. 


Map  of  the  Isthmus  showing  the  localities  which  have  been  made  the  subject  of  study  or 
exploration,  and  also  the  position  of  the  "  divide '^  with  reference  to  the  Atlantic  and  Pacific 
coasts. 
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said  that  the  provisions  had  saffered  deterioration  on  the  voyage,  and,  as  a  result,  '^  men  in  silk  and 
brocades  absolutely  perished  of  hunger,  and  might  be  seen  feeding  like  cattle  upon  herbage.  One 
of  the  principal  hidalgos  went  through  the  streets  saying  that  he  was  perishing  of  hunger, 
and  in  sight  of  the  whole  town  dropped  down  dead.  In  less  than  a  month  seven  hundred  men 
perished.''  •  Irving  states  that  "  the  perils  that  lay  in  the  discoverer's  path,  and  the  sufferings  he 
had  to  sustain,  were  scarcely  inferior  to  those  which  beset  the  knight-errant.  Hunger,  and  thirst, 
and  fatigue,  the  deadly  effluvia  of  the  morass,  with  its  swarms  of  venomous  insects,  the  cold  of 
the  mountain  snows,  and  the  scorching  sun  of  the  tropics,  these  were  the  lot  of  every  cavalier  who 
came  to  seek  his  fortunes  in  the  New  World.  It  was  the  reality  of  romance.  The  life  of  the 
Spanish  adventurer  was  one  chapter  more,  and  not  the  least  remarkable,  in  the  chronicles  of 
knight-errantry."  t 

Pedarius  Davila  ultimately  regarded  the  locality  of  the  settlement  of  Santa  Maria  as  unsuit- 
able for  the  prosecution  of  contemplated  voyages  in  the  Pacific,  and,  moreover,  on  account  of  its 
uuhealthfulness,  sought  and  obtained  permission  to  remove  the  colony.  This  was  done  in  1519, 
the  new  locality  chosen  being  an  Indian  village,  near  the  site  of  the  present  city  of  Panama.  It 
was  here  that  Francisco  Pizarro,  availing  himself  of  the  knowledge  he  acquired  about  Peru  while 
a  companion  of  Balboa,  fitted  out  the  expedition  for  the  conquest  of  that  kingdom.  The  rich  com- 
merce resulting  from  this  successful  exploit  sought  an  expeditious  transfer  from  ocean  to  oeean, 
and  to  meet  this  want  a  road  was  soon  opened  and  paved  from  Panama  to  Porto  Bello.  At  a 
stated  time  every  year  the  richly  laden  ships  from  Spain  would  rendezvous  at  Carthagena,  on  ac- 
count of  its  better  climate,  and  await  news  of  the  arrival  at  Panama  of  the  galleons  from  Peru, 
when,  proceeding  to  Porto  Bello,  a  fair  would  be  held  for  sixty  days,  during  which  all  the  ex- 
changes would  be  made  under  the  supervision  of  the  governor  of  Panama  and  the  general  of  the 
galleons.  The  fair  was  attended  by  all  the  merchants  of  the  Spanish  Main,  and  it  is  said  that 
none  in  the  world  was  equal  to  it. 

^<  Granada,  named  after  one  of  the  richest  provinces  of  Spain,  was  the  modem  Ophir,  while 
Porto  Bello  represented  the  Tarshish  of  the  most  brilliant  period  of  the  Hebrew  monarchy.  As 
in  Tyre  and  Sidon,  <  its  merchants  were  princes,'  but  like  all  other  ancient  emporiums  to  which 
commerce  was  compelled,  or  srhich  obtained  an  adventitious  and  illusive  importance,  Porto  Bello 
has  fallen,  and  the  route  between  it  and  Panama  Harbor  wholly  abandoned.  The  extreme  unhealth- 
fulness  of  the  city,  which  gave  to  it  the  appellation  of  the  '  grave  of  the  Spaniards,'  led  to  its 
abandonment,  and  the  mart  of  Spanish  America  and  the  receptacle  of  the  wealth  of  the  Indies  is 
now  scarcely  visible  from  the  anchorage,  owing  to  the  dense  jungle  which  has  grown  up  in  tropical 
luxuriance  over  the  ruins  of  the  city."} 

BBNEWED  EFFORTS  IN  THE  SEABOH  FOB  THE  STBAIT.§ 

"The  disc6very  of  the  Pacific  by  Balboa,  and  its  entrance  by  Magellan,  kept  alive  for  more  than 
a  quarter  of  a  century  the  erroneous  ideas  of  the  strait.  Since  it  was  now  certain  that  the  new 
lands  were  not  the  Indies,  the  next  thing  was  to  carry  forward  the  search  for  the  narrow  passage 
which  must  lead  to  them.  The  very  configuration  of  the  Isthmus  strengthened  the  belief  in  the 
existence  of  such  a  passage  by  the  number  of  its  openings,  which  seem  to  invite  entrance  in  the 
expectancy  that  some  of  them  must  extend  across  the  narrow  breadth  of  land.  For  this  great 
purpose,  and  in  full  expectancy  of  success,  the  whole  coast  of  the  New  World  on  each  side,  from 
Newfoundland,  as  visited  by  the  Cabots,  on  the  northeast,  and  thence  south  around  the  whole  sweep 
of  the  Mexican  Gulf,  and  the  Caribbean  Sea,  around  South  America,  and  up  the  Pacific  to  Behring 
Straits,  was  searched  and  researched  with  diligence.  Men,  says  Humboldt,  could  not  accustom 
themselves  to  the  idea  that  the  continent  extended  uninterruptedly  from  such  high  southern  to  such 
high  northern  latitudes. 

•  "  The  Conquerors  of  the|New  World,  and.their  Bondsmen/' 
t  Irving's  "  Life  of  Colambus.'* 

t  Paper  on  Interoceanic  Communication,  by  Lieut.  I.  C.  Strain,  U.  S.  N. 
$  From  MSS.  of  Prof.  J.  E.  Nourae,  U.  S.  N. 
H.  Ex.  107 2 


General  map  of  the  American  Isthmns  and  its  adjacent  coasts. 
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and,  moreover,  it  has  some  claim  to  attention,  as  its  object  was  so  closely  allied  to  that  of  the  con- 
templated interoceanic  canal.  This  history,  however,  while  comprehensive,  shoald  have  the  merit 
of  brevity,  and  as  it  is  hardly  possible  to  satisfy  these  requirements  more  fully  than  Lieutenant  Strain 
has  in  his  paper  already  referred  to,  his  compilation  will  be  quoted.  An  additional  object  will  be 
to  recognize  the  merits  of  this  brave  ofiicer  in  a  field  in  which  he  is  but  little  known. 

THE  SCOTCH  COLOmT  IN  DASDJSN. 

"  The  discoveries  of  the  Spaniards  in  America,  theovercolored  narratives  of  the  buccaneers,  and 
the  immense  profits  of  the  English  East  India  Company,  which,  availing  itself  of  the  discoveries 
of  Vasco  da  Gama,  the  intrepid  Portuguese  navigator,  sent  annually  its  immense  fleets  to  the 
peninsula  of  Uindostan  and  to  the  neighboring  islands,  infected  the  Scotch,  perhaps  the  least  en- 
thusiastic people  of  Europe,  and  in  1695  a  company  was  formed  in  Edinburgh  for  the  purpose  of 
trading  with  Africa  and  the  Indies. 

"The  company,  as  constituted  by  the  Scottish  Parliament,  held  an  exclusive  privilege  for  thirty- 
one  years,  was  possessed  of  full  administrative  and  judicial  powers,  and  in  consideration  of  its 
charter  was  bound  to  pay  to  the  King  of  England  one  hogshead  of  tobacco  annually.  In  the 
original  plan  one-half  the  stock  was  to  be  reserved  for  citizens  of  Scotland,  and  the  subscriptions 
limited  between  one  hundred  and  three  thousand  pounds.  After  a  thorough  organization,  sub- 
scriptions for  stock  were  opened  in  London,  Amsterdam,  and  Hamburg,  in  each  of  which  com- 
mercial cities  it  was  rapidly  taken.  In  Hamburg  alone  £200,000  were  soon  subscribed,  and  in 
London,  nine  days'  subscription  amounted  to  £300,000. 

"  The  progress  of  this  trading  company  excited  the  jealousy  of  that  stupendous  monopoly,  the 
East  India  Company,  and  representations  against  it  speedily  flowed  in  upon  the  ministry.  Nor 
was  this  selfish  opposition  confined  to  those  interested  in  the  preservation  of  the  East  India 
monopoly ;  the  English  Parliament  also  made  representations  against  it  to  the  King,  and  declared 
the  principal  promoters  of  it  guilty  of  a  misdemeanor.  The  Government  was  not  behindhand  in 
their  efforts  against  the  company,  and  after  compelling  the  London  merchants  by  threats  of  im- 
peachment to  withdraw  their  subscriptions,  protested  against  the  subscriptions  of  the  citizens  of 
Hamburg,  and  warned  them  through  its  minister  not  to  proceed  or  continue  to  give  pecuniary  aid 
to  the  Scotch  project.  The  answer  of  the  citizens  of  this  free  town  to  the  protest  and  threats  of 
the  English  representative  was  worthy  of  their  reputation.  ^They  considered  it  strange  that  the 
King  of  England  should  dictate  to  them,  a  free  people,  how  or  with  whom  they  should  engage  in 
arrangements  of  commerce.'  Notwithstanding  the  bold  independence  of  their  reply,  believing 
that  William  would  take  measures  to  thwart  the  company,  their  subscriptions,  as  well  as  those  of 
the  Dutch,  were  withdrawn,  and  the  Scotch  left  alone  to  struggle  against  the  united  hostility  of 
England  and  Spain.  The  enthusiasm  of  the  Scotch  had  been  aroused,  and  inexcusable  opposition 
developed  that  obstinacy  which  is  an  important  element  in  their  character.  In  about  one  year 
£400,000  were  subscribed  in  Scotland  alone,  and  the  list  of  subscribers  and  directors,  which  is  still 
extant,  contained  some  of  the  most  distinguished  names  in  the  kingdom.  To  appreciate  fully  the 
value  of  this  pecuniary  risk,  it  ought  to  be  remembered  that  this  £400,000  was  one-half  the  circulat- 
ing medium  of  Scotland.  It  was,  in  fact,  the  first  attempt  of  Scotland  to  colonize,  and  the  national 
pride  was  aroused.  Volunteers  flocked  in  from  all  sides,  and  when  the  expedition  was  ready  to 
sail,  many  who  had  been  refused  for  want  of  accommodations  were  found  hidden  in  the  holds  of 
the  ships.  The  first  colony  consisted  of  twelve  hundred  choice  men,  among  whom  were  two  hun- 
dred belonging  to  the  best  families  in  the  kingdom,  and  sixty  oflScers  whom  the  peace  had  thrown 
out  of  employment.    For  their  conveyance,  three  stout  ships  and  two  tenders  were  provided. 

"  On  the  26th  of  July,  1C98,  enthusiasm  in  Scotland  rose  to  its  highest,  and  all  Edinburgh 
came  out  to  witness  the  sailing  of  the  expedition.  Nor  was  the  excitement  confined  to  Scotland, 
for,  says  Dalrymple,  ^Neighboring  nations  saw  with  a  mixture  of  surprise  and  respect  the  poor- 
est nation  in  Europe  sending  forth  the  most  gallant  colony  which  had  ever  gone  from  the  Old  to 
the  New  World.'  On  the  next  week  after  the  sailing  of  the  expedition  the  Scotch  Parliament  con- 
vened, and  forwarded  an  unanimous  address  to  the  king,  asking  his  support  and  countenance ; 
but  he,  actuated  by  a  general  prejudice  against  the  nation  which  still  retained  a  love  and  respect 
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for  the  unfortnnate  Stuarts,  by  the  selfish  represeutations  of  Parliament  and  the  East  India  Com- 
pany, and  the  remonstrances  of  the  Spanish  minister,  peremptorily  refused,  and  caused  orders  to 
be  expedited  to  the  Governors  of  New  York  and  Jamaica  to  withhold  supplies  from  the  new  settle- 
ment.   In  this  order  were  involved  the  germs  of  the  destruction  of  the  Darien  colony. 

"The  colonists  arrived  safely  at  Darien,  and  landing  about  seven  miles  from  Golden  Island, 
on  a  small  peninsula  which  formed  a  secure  harbor,  commenced  the  erection  of  habitations  and 
fortresses  for  their  protection.  To  the  adjoining  bay  they  gave  the  name  of  Caledonia;  to  their 
harbor,  Scotch  Port;  and  to  their  town,  the  ruins  of  which  are  no  longer  visible.  New  Edin- 
burgh. With  the  Indians,  who  were  found  to  be  friendly,  a  perpetual  treaty  of  peace  and  amity 
was  duly  signed,  and  deputations  were  received  from  the  Spanish  colonies  of  Carthagena  and 
Panama,  which  did  not  feel  confident  to  cope  with  so  formidable  a  force  of  hardy  Scotchmen.  Soon 
after  landing,  the  council,  which  was  in  charge  of  the  administration  of  the  affairs  of  the  colony, 
issued  a  proclamation  conceding  to  all  nations  the  same  privileges  as  to  Scotch  subjects,  and 
declared  an  unlimited  freedom  of  commerce.  Religious  toleration  was  also  proclaimed,  but  with 
certain  reservations  which  bore  the  impress  of  their  Scotch  Presbyterian  origin. 

"In  April,  1699,  a  Parliament  was  assembled  and  laws  were  passed  for  the  government  of  the 
colony,  which,  as  transmitted  to  us,  bear  the  impress  of  the  liberal  and  benevolent  spirit  of  the 
gentle  Paterson.  The  protection  of  the  Indians  against  the  young  and  reckless,  who  saw  no  harm 
in  <  spoiling  the  heathen',  was  amply  provided  for  by  these  laws.  No  person  could  be  confined  for 
more  than  three  months  without  a  trial,  and  in  all  criminal  cases  the  accused,  as  in  Scotland,  was 
entitled  to  a  jury  of  fifteen  of  his  countrymen.  No  imprisonment  for  debt  was  permitted,  unless 
upon  proof  that  fraud  was  intended.  At  the  instance  of  Paterson,  senitude  was  abolished,  and 
each  one  became  a  freeholder  by  the  division  of  land,  thus  making  the  colonists  independent,  and 
depriving  the  colony  of  the  advantages  of  combination  in  labor.  This  was  the  first  great  error, 
as  afterwards  that  concentration  and  singleness  of  purpose  which  is  essential  in  a  new  country 
could  not  be  attained. 

"  A  member  of  the  council,  writing  home,  says  it  would  have  been  'better  to  have  three  years' 
servitude,  and  a  division  of  land  afterwards;'  and  in  speaking  of  the  colonists,  says:  *They  had 
no  true  notion  of  liberty.  The  thought  of  it  made  them  insolent,  and  ruined  command.'  Even 
under  the  disadvantages  which  this  premature  concession  entailed  upon  the  colony,  it  yet  might 
have  flourished  if  they  had  been  controlled  by  a  competent  leader.  Paterson,  as  the  projector,  a 
director,  and  prominent  member  of  the  council,  enjoyed  (he  greatest  consideration  and  influence; 
but  although  great  in  conception,  his  gentleness  and  modesty  made  him  an  inappropriate  ruler  of 
the  turbulent  elements  by  which  he  was  surrounded.  Of  his  honesty  and  integrity  of  purpose  he 
had  given  many  evidences.  Among  others  was  the  voluntary  resignation  of  2  per  cent,  on  stock 
and  3  on  profits,  which,  in  consideration  of  his  services,  had  been  conceded  by  the  company  and 
assured  by  the  Scotch  Parliament.  These  sacrifices  and  his  mild  deportment  contributed  to 
his  personal  popularity,  but  not  to  his  authority;  nor  did  it  inspire  his  subordinates  with  that 
respect  and  confidence  without  which  no  leader  of  men,  and  especially  of  discordant  elements 
held  loosely  together  by  recent  laws  of  their  own  making,  can  ever  be  successful. 

*»The  time  occupied  by  the  colonists  in  erecting  houses  and  fortifications  prevented  them  from 
tilling  the  land,  and  their  principal  dependence  for  the  means  of  sustaining  life  was  upon  supplies 
from  abroad.    Much  of  the  provisions  which  they  brought  from  Scotland  proved  to  be  bad,  and 
-    the  use  of  them  produced  sickness,  which  rapidly  diminished  their  numbers. 

"The  cruel  proclamation  of  the  King  of  England  now  began  to  produce  its  bitter  fruits.  From 
English  colonies  they  could  obtain  no  supplies.  Scotland  was  distant,  and  its  people  unaware  of 
the  sufferings  of  their  friends;  while  the  Spaniards  of  Panama,  Porto  Bello,  and  Carthagena 
looked  with  satisfaction  on  the  sufferings  of  a  colony  which  had  threatened  to  prove  formidable 
to  their  interests.  In  this  extreme  emergency,  the  Indians,  more  generous  than  the  English,  who 
owed  it  protection,  contributed  aid  from  their  scanty  stores.  Insubordination,  in  which  some 
of  the  members  of  the  council  were  implicated,  made  its  appearance,  and  a  plan  was  laid  by  the 
mutineers  to  seize  a  single  ship  and  make  their  escape  from  the  threatened  famine.  The  exploits 
of  the  buccaneers,  which  were  then  so  recent  as  to  infect  by  their  example,  pointed  out  a  means 
of  escaping  from  approaching  death  and  of  grasping  that  wealth  which  the  colony  had  failed  to 
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produce.    The  yonnger  men,  incited  by  the  yonng  nobles,  proposed  to  seize  some  of  the  most 
effective  ships  and  retrieve  their  fallen  fortunes  by  descents  upon  Porto  Bello  and  Carthagena. 

^<  For  a  while  this  mutinous  spirit  was  quelled,  and  a  vessel  was  dispatched  with  an  humble 
petition  to  William  for  his  countenance  and  protection,  and  an  urgent  request  to  the  directors  for 
provisions.  Meanwhile  the  board  of  directors  had  not  been  idle  or  neglectful,  and,  in  view  of  the 
proclamation  of  the  King  of  England,  had  dispatched  a  brig  laden  with  stores,  which  unfortunately 
never  reached  its  destination.  A  reinforcement  of  three  hundred  men  was  also  sent  but  before 
they  could  arrive  the  fate  of  the  first  Scotch  colony  was  decided.  Patersou,  ill  with  the  fever  and 
broken  in  spirit,  could  not  resist  the  general  determination  to  abandon  the  Isthmus,  and  on  the 
22d  of  June,  1699,  or  less  than  eight  months  after  their  arrival,  the  remaining  colonists  embarked 
for  the  English  West  India  Islands  and  North  America.  In  September  of  the  same  year  the 
unfortunate  projector  of  this  ill-fated  expedition  was  in  Boston,  and  his  mental  condition  may  be 
inferred  from  a  passage  in  a  letter  written  by  a  friend :  *  Grief  has  broken  Mr.  Paterson's  heart 
and  turned  his  brain,  and  now  he  is  a  child ;  they  may  do  what  they  like  with  him.'  He  subse- 
quently recovered  and  returned  to  England,  but  appears  to  have  taken  no  further  part  in  the 
affairs  of  the  company. 

"  The  Scotch,  with  their  characteristic  jjertinacity  of  purpose,  and  regardless  of  previous  mis- 
fortunes, dispatched  a  reinforcement  of  one  thousand  three  hundred  men  in  four  ships ;  but  upon  ^ 
their  arrival  they  found  that  the  vessels  that  had  preceded  them,  after  touching  at  Caledonia  Bay, 
had  sailed  for  Jamaica.  The  condition  of  the  town  of  New  Edinburgh  was  most  discouraging. 
The  huts  had  been  burned,  the  forts  dismantled,  the  tools  and  agricultural  implements  taken  away, 
while  its  site  was  overgrown  with  a  dense  jungle,  which  sprang  up  like  the  gourd  of  Jonah,  in  a 
moist,  tropical  climate.  Many  of  the  councillors  became  dejected  at  the  condition  of  things,  and 
there  was  a  general  cry  to  be  taken  home.  In  view  of  their  misfortunes  the  Spanish  displayed 
hostility,  and  Drummond,  availing  himself  of  a  temporary  enthusiasm,  produced  by  an  advantage 
which  had  been  gained  by  a  detachment  of  the  colonists,  proposed  that  they  should  anticipate 
attack  and  supply  their  wants  by  a  descent  upon  Porto  Bello. 

'^  Drummond,  who  was  an  old  officer  of  the  army,  assumed  for  a  time  the  position  to  which 
his  ability  and  energy  entitled  him ;  but  the  colonists  were  discouraged,  timid  councils  prevailed, 
and  he  was  placed  under  arrest.  About  this  time  Colonel  Campbell,  of  Finab,  arrived  from  Scot- 
land with  three  hundred  of  his  own  men,  and,  releasing  Drummond,  temporarily  restored  order, 
and  gained  a  victory  over  one  thousand  six  hundred  troops  who  had  advanced  upon  them  from 
the  Spanish  colonies,  he  himself  receiving  a  serious  wound  in  the  action.  This  advantage,  how- 
ever, was  gained  too  lat€  to  restore  the  fallen  fortunes  of  the  colony,  as  the  harbor  was  now  blocked 
up  by  a  Spanish  fleet  of  eleven  vessels,  which  had  arrived  under  the  command  of  the  Governor  of 
Carthagena,  and  the  fort  invest^ed  by  troops  which  had  been  landed  and  had  effected  a  junction 
with  those  who  had  arrived  by  land. 

'^  The  garrison,  discouraged  and  mutinous,  loudly  urged  their  leader  to  capitulate.  This  was 
finally  agreed  to  by  Veitch,  Campbell  being  ill  with  the  endemic  fever.  With  all  their  stores  they  - 
weighed  anchor  on  the  11th  of  April,  1700,  and  took  their  final  leave  of  the  fatal  shores  of  Darien, 
after  an  occupation  of  four  months.  During  the  voyage  to  Jamaica,  Veitch  died,  and  soon  after 
the  vessel,  which  he  owned  and  commanded,  was  wrecked  on  the  coast  of  Cuba.  A  vessel  of  the 
company  was  lost  near  Carthagena  and  the  crew  made  prisoners.  Another  was  lost,  with  a 
large  number  of  her  crew,  while  leaving  Caledonia  Bay ;  and  it  is  said  that  of  three  thousand  -- 
men  who  sailed  for  that  unfortunate  colony,  not  more  than'  twenty  returned  to  their  native  land. 
The  projector  of  the  grand  enterprise,  after  one  more  effort  to  retrieve  his  fallen  fortunes,  died  in 
obscurity,  pitied,  but  respected.  It  has  been  said  in  his  praise  by  a  cotemporary,  that  *  He  was 
void  of  passion,  and  that  he  was  one  of  the  few  of  his  countrymen  who  never  drank  wine.'  Such 
were  the  unfortunate  results  of  the  only  attempt  ever  made  by  Scotland  at  colonization,  and  of 
one  of  the  earliest  and  most  comprehensive  schemes  for  opening  an  interoceanic  communication. 
On  account  of  the  fact  that  its  history  is  little  known,  I  have,  perhaps,  here  devoted  to  its  con- 
sideration more  time  and  space  than  its  importance  merited.  It  is,  moreover,  a  subject  of  interest, 
as  the  same  subject  has  been  so  recently  revived  and  met  similarly  disastrous  results." 

#  •  •  •  •  •  * 
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After  the  departure  of  the  Scots  the  Spaniards  established  the  military  post  of  Agla  in  Cale- 
donia Bay,  and  until  1790  were  active  in  creating  similar  establishments  and  missions  on  the  rivers 
which  enter  the  Gulf  of  San  Miguel,  with  the  hope  of  securing  supremacy  over  the  Indians.  At 
this  time,  recognizing  their  inability  to  gain  this  without  an  expenditure  incommensurate  with  the 
object,  a  treaty  of  peace  was  concluded,  by  which  they  agreed  to  abandon  all  their  garrisons  in  the 
Indian  country. 

A  few  years  before  the  making  of  this  treaty  an  attempt  was  made  by  the  Spaniards  to  bring 
their  Atlantic  and  Pacific  posts  into  communication  by  means  of  a  military  road.  With  this  view, 
a  fort  called  Puerto  Principi  was  built  and  garrisoned  on  the  Savana  River,  and  a  trail  cut  thence 
to  the  Chucunaqua,  striking  it  somewhere  in  the  vicinity  of  the  mouth  of  the  La  Paz.  This  wa« 
called  Ariza's  road,  after  the  governor  of  the  province  of  Darien.  In  an  interval  of  peace  existing 
with  several  tribes,  their  consent  to  the  continuation  of  the  road  was  obtained,  and  the  services  of 
the  Sucubtis  secured  to  aid  in  opening  it.  In  1788  Manuel  Milla,  adjutant  of  the  post  of  Agla,  accom- 
panied by  Suspani,  a  Sucubti  chief,  left  Caledonia  Bay  to  pass  over  the  Cordillera  and  report  upon 
the  practicability  of  constructing  this  road.  He  arrived  safely  at  Puerto  Principi,  but  being  alarmed 
at  a  rumor  that  his  movements  were  watched  by  some  of  the  Indians  who  still  remained  hostile,  he 
returned  to  his  post  by  way  of  Panama  and  Porto  Bello.  This  undertaking  claims  attention  only  on 
account  of  its  being  one  of  the  first  which  had  for  its- direct  object  interoceanic  communication,  and 
not  from  any  valuable  results  arising  from  the  young  officer's  observations,  although  his  performance 
was  regarded  highly  by  his  superiors.  In  his  report  he  says  that  in  crossing  the  '^  Montana  Grande" 
there  is  not  a  difficult  pass, "  with  the  exception  of  a  ravine  at  the  commencement,  which  four  men 
could  level  off  with  spades  in  less  than  an  hour.''  It  must  have  been  an  extraordinary  ravine.  In 
another  plac^  he  mentions  the  chief  obstruction  in  the  road  to  be  a  large  tree  which  has  fallen  across 
the  trail,  and  very  ingeniously  suggests  that  the  difficulty  of  cutting  it  in  two  may  be  avoided  by 
walking  around  it. 

Two  years  after  Miliars  reconnaissance  (1790)  the  Spaniards  abandoned  the  Indian  territory, 
and  no  attempt  was  made  to  study  this  route  until  more  than  sixty  years  later. 
H.  Ex.  107 3 


^v 


V 


CHAPTER   III. 

Interest  in  the  Subject  of  inteboceanio  Cowmunication  awakened  by  Humboldt— Distinctly  bcarked 
Eras  in  the  Devel9pment  of  the  Problem— Efforts  of  the  Jtpanish- American  Republic  to  secure  its 
Solution— Early  Interest  taken  by  the  United  States  and  other  Countries. 

EFFORTS  FOR  A  CANAL  MADE  BY  THE  CENTRAL  AMERICAN   STATES. 

The  long  repose  which  settled  upon  the  subject  of  interoceanic  communication  was  well  broken 
by  the  energetic  labors  of  the  illustrious  Humboldt,  who,  in  1808,  attracted  the  attention  of  the 
world  to  this  important  problem,  and  indicated  the  localities  which  he  deemed  worthy  of  study. 
Feeling  the  want  of  sufficient  and  authentic  data  for  a  comparison  of  even  the  best  known  rontesy 
and  the  almost  complete  absence  of  data  respecting  those  of  Darien,  he  urged  the  necessity  of 
proper  investigation,  and  stated  his  belief  that  in  either  Darien  or  the  valley  of  the  Atrato  would 
be  found  the  solution  of  the  problem. 

Gaining  their  independence,  the  Spanish- American  states  were  thrown  open  to  citizens  of  all 

nations,  and  during  the  first  years  of  their  existence  pi-aiseworthy  attempts  were  made  in  the  line 

of  exploration  and  geographical  research;  but  the  unstable  character  of  the  states  prevented  an 

undisturbed  study  of  their  territory,  and  particularly  of  Darien,  as  their  weakness  rendered  them 

powerless  against  the  Darien  Indians  who  had  successfully  resisted  the  conquering  arm  of  mighty 

Spain.* 

#  •  •  •  •  •  • 

"In  1823  the  new  'Republic  of  the  Center  of  America'  evinced  an  interest  in  the  construction 
of  a  canal  almost  immediately  on  acquirement  of  independence  from  Spain.  Seiior  Manuel  Antonio 
de  la  Cerda,  afterwards  Governor  of  the  State  of  Nicaragua,  urged  the  matter  upon  the  Federal 
Congress,  but  without  effect.  The  states,  exhausted  by  their  effort  to  overthrow  their  former  gov- 
ernment, and  still  more  by  their  intestine  commotions,  could  not  be  expected  to  undertake,  with- 
out the  assistance  of  foreign  capital,  a  work  of  such  vast  magnitude.  They  have  nevertheless 
demonstrated  their  sense  of  its  importance  to  their  own  prosperity,  as  well  as  to  that  of  the  com- 
mercial world ;  and,  what  redounds  still  more  to  their  honor,  have  expressed  their  readiness  to 
receive  the  aid  of  other  nations  towards  this  enterprise,  upon  conditions  which  manifest  a  disposi- 
tion to  waive,  for  the  welfare  of  mankind,  every  narrow  and  unsocial  suggestion  of  local  interest. 

"  The  cbief  movements  towards  the  work  from  that  date  refer  themselves  to  a  few  marked  eras, 
specially  to  the  years  1824-'26,  l828-'30, 1835-.'38, 184d-'47,  and  to  the  much  more  important  progress 
made  since  the  year  1849.  The  last-mentioned  date  being  that  of  the  acquisition  of  California,  and 
the  discovery  of  its  vast  mineral  wealth,  is  the  era  from  which  public  attention  in  America  and 
Europe  beg:an  to  give  the  problem  practical  form. 

"The  earliest  of  these  movements  connect  themselves  with  Nicaragua  and  Tehuantepec.  Feb- 
ruary 8, 1825,  Senor  Antonio  Jos6  Cafiaz,  minister  of  the  '  Republic  of  the  Center,'  addressed  a 
note  to  Mr.  Clay,  the  Secretary  of  State,  calling  the  attention  of  the  United  States  to  the  object 
of  uniting  the  Atlantic  and  the  Pacific  Oceans  by  a  canal  through  the  province  which  he  repre- 
sented. He  assured  the  Secretary  that  his  government  if  placed  in  different  circumstances  would 
not  part  with  the  least  portion  of  the  distinguished  honor  of  executing  a  work  of  such  importance 
to  the  prosperity  of  the  two  worlds,  the  omission  to  construct  which,  he  said,  ought  to  fill  with 
shame  the  previous  government  of  his  country.  But  Hhe  Republic  of  the  Center  was  in  the  first 
moments  of  its  existence,  and  nothing  would  be  more  grateful  to  it  than  a  co-operation  by  this 
generous  nation,  whose  noble  conduct  has  been  a  model  and  a  protection  to  all  the  Americas;  it 
would  be  highly  satisfactory  to  have  it  a  participator,  not  only  of  the  merit  of  the  enterprise,  but 
of  the  great  advantages  which  that  canal  of  communication  must  produce,  by  means  of  a  treaty, 
which  may  perpetually  secure  the  possession  of  it  to  the  two  nations.' 


*  The  remftinder  of  this  chapter  is  quoted  from  MSS.  of  Prof.  J.  £.  Noorse,  U.  &  N, 
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"This  overture,  which  had  been  occasioned  by  propositions  to  the  Republic  of  the  Center  from 
Messrs.  Barclay  &  Co.,  of  Loudon,  and  from  merchants  of  the  United  States,  asking,  each,  for  a 
concession,  was  immediately  entertained  with  interest  by  the  President;  and  Mr.  Clay,  as  in- 
structed, replied  to  the  minister  that  in  view  of  the  importance  of  a  work  that  would  form  'a  great 
epoch  in  the  commercial  affairs  of  the  whole  world,'  a  newly  appointed  charge  d'affaires,  Mr.  Wil- 
liams, would  investigate  with  the  greatest  care  the  facilities  which  Nicaragua  offered,  and  remit 
the  information  he  acquired  to  the  United  States.  It  would  be  then  necessary  to  consult  Congress. 
The  only  trace,  however,  of  information  which  appears  to  have  come  from  the  envoy  was  the  fol- 
lowing extract  from  a  letter  of  Mr.  Williams,  charge  d'affaires  of  the  United  States  to  Central 
America, to  Mr.  Clay,  dated  24th  November,  1826:  'I  met  with  Mr.  Caiiaz.  He  returned  to  the 
United  States  by  the  river  San  Juan  and  Lake  Nicaragua.  He  entertains  no  doubt  of  the  practica- 
bility of  the  contemplated  canal.' 

"In  regard  to  the  overture  made  by  the  minister  from  Nicaragua,  Mr.  Squier  remarks  that — 
'Although  the  administration  of  Mr.  Adams  did  not  at  once  fall  in  with  the  proposition,  this  was 
not  from  want  of  interest  in  it,  but  simx^ly  because  the  Government  did  not  wish  to  commit  the 
country  to  any  specific  course  until  the  feasibility  of  the  enterprise  and  the  leading  facts  concern- 
ing it  should  be  better  known  and  understood.' 

"The  principles  on  which  the  work  should  be  executed  had  been  announced  by  Mr.  Clay  in  his 
letter  to  the  commissioners  of  the  United  States  to  the  famous  Congress  of  Panama.  Mr.  Clay 
said:  'A  canal  for  navigation  between  the  Atlantic  and  Pacific  Oceans  will  form  a  proper  subject 
for  consideration  at  the  congress.  That  vast  object,  if  it  ever  should  be  accomplished,  will  be  in- 
teresting in  a  greater  or  less  degree  to  all  parts  of  the  world ;  but  especially  to  this  continent  will 
accrue  its  greatest  benefits ;  and  to  Columbia,  Mexico,  Central  America,  Peru,  and  the  United 
States  more  than  to  any  other  of  the  American  nations.  What  is  to  redound  to  the  advantage  of 
all  America  should  be  effected  by  common  means  and  united  exertion,  and  not  left  to  the  separate 
and  unassisted  efforts  of  any  one  power.  •  ♦  •  If  the  work  should  ever  be  executed  so  as  to 
admit  the  passage  of  sea-vessels  from  one  ocean  to  the  other,  the  benefits  of  it  ought  not  to  be  ex- 
clusively appropriated  by  any  one  nation,  but  should  be  extended  to  all  parts  of  the  globe,  upon 
the  payment  of  just  compensation  or  reasonable  tolls.'  The  canal  was  thus,  in  Mr.  Clay's  judg- 
ment, to  be  executed  by  the  parties  most  interested  and  to  be  under  their  control,  but  not  therefore 
exclusive. 

"In  the  same  year,  Don  Guadaloupe  de  Vittoria,  the  President  of  the  Mexican  Confederation, 
caused  a  reconnaissance  of  the  Isthmus  of  Tehuantepec  to  be  made.  It  was  a  brief  but  decided  re- 
port which  the  President  received  from  General  Don  Juan  Orbegozo,  the  officer  appointed  for  this 
purpose;  the  survey  was  carried  out  with  confessedly  imperfect  instruments, and  contributed  little 
to  the  work.  The  report  stated  that  *  the  canalization  of  the  Isthmus  was  problematical  and  gigantic ; 
and  the  roadstead  of  Tehuantepec  was  being  more  and  more  abandoned  daily  by  the  ocean.'  A 
commission  appointed  on  the  same  date  with  that  of  Orbegozo,  by  the  separate  State  of  Vera  Cruz, 
reported  through  its  chief,  Don  Orteo  Ortiz,  upon  the  bar  of  the  Coatzacoalcos,  and  this  in  connec- 
tion with  a  plan  for  a  railroad  across  the  Isthmus. 

"In  the  years  1828-'29,  under  a  commission  from  General  Bolivar,  President  of  the  Republic  of 
New  Granada,  Mr.  John  A.  Lloyd,  with  the  assistance  of  Mr.  Falmarc,  a  Swede  in  the  Columbian 
service,  made  a  reconnaissance  of  the  narrowest  part  of  the  Isthmus  of  Panama,  with  a  view  chiefly 
'of  ascertaining  a  route  for  land  communication,  and  incidentally  to  determine  the  difference  o 
level  between  the  two  oceans.  A  partial  survey  of  this  part  of  the  Isthmus  had  been  ordered  by 
the  Spanish  court  as  early  as  1528,  the  intention  being  to  commence  a  small  artificial  canal  at 
Gruces,  but  until  the  survey  of  Lloyd  neither  the  relative  height  of  the  two  oceans,  nor  the  eleva- 
tion of  the  highlands  between,  nor  the  geographical  points  of  the  Isthmus  had  been  determined 
with  any  degree  of  mathematical  accuracy.  Lloyd's  papers  were  communicated  to  the  Royal 
Society  of  London,  through  Colonel  Sabine.  They  will  be  found  in  part  in  the  Philosophical 
Transactions  for  the  year  1830,  from  which  they  are  quoted,  and  in  the  Report  of  the  House  Com- 
mittee (H.  R.  145),  1849.  He  recommended,  as  a  substitute  for  the  old  Porto  Bello  road,  a  new 
line  from  the  Bay  of  Limon,  essentially  that  of  the  existing  railroad;  and  in  reference  to  the  rela- 
tive level  of  the  tvfo  oceans  reported,  contrary  to  the  belief  entertained  up  to  that  time  by  almost 
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all  minds,  except  such  as  that  of  Humboldt,  that  the  mean  height  of  the  Pacific  at  Panama  is  but 
3.62  feet  higher  than  that  of  the  Atlantic  at  the  port  of  Chagres. ' 

"  The  next  efforts  for  an  interoceanic  work  were  based  upon  propositions  made  by  an  association 
in  the  Netherlands,  under  the  special  patronage  of  the  King.  September  21, 1830,  a  plan  which 
had  been  agreed  upon  with  General  Verveer,  the  plenipotentiary  of  the  King,  was  ratified  by  the 
Congress  of  Central  America.  The  chief  features  of  this  contract  were  as  follows:  The  canal  to  be 
opened  on  the  same  terms  to  all  nations  at  peace  with  Central  America,  but  armed  ships  were  not 
to  pass  without  express  consent,  and  this  never  to  be  given  to  a  flag  at  war  with  another  nation. 
The  Government  was  to  use  its  utmost  efforts  to  have  the  neutrality  of  the  canal  and  that  of  the 
ocean  to  a  certain  extent  around  its  termini  recognized  by  all  the  maritime  powers.  No  charge 
was  to  be  made  for  the  land  used  by  the  canal  or  for  the  raw  material  necessary  for  its  construction. 
The  work  was  to  be  of  sufficient  dimensions  to  admit  the  largest  ships.  The  execution  of  the  canal 
was  to  be  entirely  with  and  at  the  expense  of  the  contracting  parties*  The  interest  on  the  capital 
expended  was  permitted  to  be  10  per  cent.,  with  a  mortgage  on  the  lands  on  both  sides  as  security 
for  capital  and  interest.  The  rate  of  tolls  was  to  be  regulated  by  the  Government  and  the  con- 
tractors jointly,  but  always  in  such  a  manner  as  to  give  the  canal  a  decided  advantage  over  Cape 
Horn.  In  respect  to  navigation  and  commerce  generally,  the  Netherlands  to  be  put  on  an  equality 
with  the  United  States. 

*'This  concession,  modified  and  largely  extended,  was  ratified  by  the  Congress  of  Guatemala. 
December  18, 1830.  A  copy  of  the  full  'decree'  was  communicated  to  Mr.  Van  Buren  by  Mr.  Henry 
Savage,  United  States  consul  at  Guatemala,  who  stated  that  he  had  represented  to  the  parties 
the  impolicy  of  certain  conditions  which  conveyed  to  the  Dutch  Company  the  rights  of  the  coast- 
ing trade.  The  *  decree'  will  be  found  in  full  in  Report  No.  145,  second  session.  Thirtieth  Con- 
gress, together  with  an  extract  from  a  letter  from  Mr.  Livingston,  Secretary  of  State,  dated  July 
20, 1831.  The  chief  of  Mr.  Livingston's  instructions  in  this  letter  to  Mr.  Jeffers  regarded  three 
points,  viz: 

"  1.  That  he  should  represent  to  the  Government  that  the  United  States  must  be  entitled  to  all 
advantages  accorded  to  other  nations. 

"2.  That  if  the  grant  to  the  Dutch  Company  should  not  be  completed,  he  should  endeavor  to 
secure  for  the  citizens  of  the  United  States,  or  for  the  Government  itself,  if  Congress  should  deem 
the  measure  proper  and  constitutional,  the  right  of  subscribing  for  the  stock. 

"3.  That  he  should  procure  and  transmit  an^^  surveys,  estimates,  plans,  or  other  information 
relative  to  the  work  which  would  enable  the  United  States  to  judge  of  the  feasibility  of  the  canal. 

'^  This  whole  movement,  however,  failed.  The  revolution  in  Belgium  came  on,  and  the  subsequent 
separation  between  that  state  and  Holland  put  an  end  to  the  propositions  which  have  been  named. 
Consul  Savage,  in  a  letter  to  Mr.  Van  Buren,  refering  to  this  revolution,  said :  'All  concur  here, 
and  every  one  seems  tacitly  to  look  forward  to  the  United  States  for  the  completion  of  this  grand 
project.  They  say  that  the  United  States,  identified  in  her  institutions  with  this  Government,  is 
the  only  power  that  ought  to  have  the  preference.' 

"Two  years  later  endeavors  were  made  to  renew  the  negotiations  with  Holland,  and  Nicaragua 
passed  resolutions  agreeing  to  the  propositions  of  the  Dutch  envoy,  but  nothing  was  accom- 
plished. 

*'It  appears  from  the  voluminous  document  transmitted  March  13, 1838,  by  President  Jackson, 
through  Mr.  Forsyth,  to  Hon.  C.  F.  Mercer,  chairman  of  the  Committee  on  Eoads  and  Canals,  of 
the  House  of  Kepresentatives,  that  during  the  previous  four  years  new  interest  had  been  awak- 
ened in  the  matter  of  the  canal.  Mr.  Mercer's  report,  made  March  3,  1839,  was  in  answer  to  a 
memorial  from  Aaron  Clark,  Mayor  of  New  York,  W.  A.  Duer,  H.  Eadcliff,  and  others  of  that 
city,  and  from  Matthew  Carey,  and  other  citizens  of  Philadelphia,  praying  the  aid  of  Congress  in 
the  construction  of  the  canal. 

"Mr.  Mercer,  in  the  begining  of  his  report,  said:  *It  is  obvious  that  if  the  contemplated  com- 
munication from  sea  to  sea  be  practicable,  the  nation  which  has  the  right  to  appropriate  its 
exclusive  use  to  itself  might  lawfully  control  the  richest  commerce  of  the  world,  or  prescribe  to  all 
other  nations  the  terms  upon  which  they  be  admitted  to  share  its  enjoyment.  The  policy  is  not  less 
apparent  which  should  prompt  the  United  States  to  co-operate  in  this  enterprise  liberally  and 
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efficiently.  ♦  ♦  ♦  If  other  consideratious  did  not  prompt  this  decision,  it  should  suffice  for  its 
confirmation  to  contrast  the  continuous  voyage  of  the  same  vessel  across  the  two  oceans,  divided 
by  the  Isthmus,  with  the  transshipment  of  a  heavy  cargo  between  vessels  of  equal  burden,  and  the 
intervening  expense  of  land  transportation,  double  port  duties,  and  commissions,  added  to  the  dam- 
age of  shifting  and  exposing  very  valuable  commodities  to  waste  and  depredation.  The  United 
States,  whose  territory  extends  from  the  Atlantic  to  the  Pacific,  cannot  but  regard  with  solicitude 
any  enterprise  which,  if  practicable,  will  so  greatly  approximate  their  eastern  and  western 
frontiers.' 

"The  committee  closed  their  report  by  recommending  to  the  House  of  Representatives  the 
adoption  of  a  resolution  similar  to  one  which  had  passed  the  Senate  March  3, 1835,  and  which  read 
as  follows : 

"  ^Resolvedy  That  the  President  of  the  United  States  be  respectfully  requested  to  consider  the 
expediency  of  opening  negotiations  with  the  Governments  of  other  nations,  and  particularly  with  the 
(Governments  of  Central  America  and  New  Granada,  for  the  purpose  of  effectually  protecting,  by 
suitable  treaty  stipulations  with  them,  such  individuals  or  companies  as  may  undertake  to  open  a 
communication  between  the  Atlantic  and  Pacific  Oceans  by  the  construction  of  a  ship-canal  across 
the  Isthmus  which  connects  North  and  South  America;  and  of  further  securing  forever,  by  such 
stipulations,  the  free  and  equal  right  of  navigation  of  such  canal  to  all  nations,  on  the  payment  of 
such  reasonable  tolls  as  may  be  established  to  compensate  the  capitalists  who  may  engage  in  such 
undertaking  and  complete  the  work.' 

"In  compliance  with  that  resolution,  President  Jackson  appointed.  May  1, 1835,  Mr.  Charles 
Biddle,  of  Philadelphia,  a  special  agent  to  proceed  to  the  Isthmus,  for  the  purpose  of  making  all 
necessary  inquiries  in  reference  to  the  work.  Mr.  Forsyth's  letter  of  instructions  directed  him  to  pro- 
ceed by  the  most  direct  route  to  the  port  of  San  Juan,  Nicaragua,  and,  ascending  that  river,  cross 
thence  to  the  Pacific,  making  all  inquiries  as  to  plans,  surveys,  and  estimates,  and  procuring  at  Gua- 
temala copies  of  all  public  documents  regarding  the  subject.  From  Guatemala  he  was  to  proceed 
to  Panama,  make  as  thorough  an  examination  a«  possible  of  the  route  there,  and  at  Bogota,  obtain 
copies  of  public  documents  in  reference  to  a  projected  railroad,  and  especially  any  information  in 
regard  to  a  concession  said  to  have  been  made  by  the  Government  of  New  Granada  to  a  certain  Baron 
Thierry.  Furnished  with  a  circular  letter  to  all  the  Unitefl  States  consuls  in  the  countries  referred 
to,  and  also  in  Mexico,  Mr.  Biddle  set  out  on  his  journe}^,  but,  as  it  appears  from  the  difficulties 
of  obtaining  at  that  time  direct  conveyance  to  San  Juan,  Mr.  Biddle  went  first  to  Panama,  never 
reached  Nicaragua,  and  died  soon  after  his  return  to  the  United  States,  183C,  without  making  any 
full  report. 

"  In  regard  to  the  concession  to  Baron  Thierry,  he  had  reported  from  Bogota  that  the  Congress 
of  New  Granada  had  made  a  grant  to  that  person  of  an  exclusive  privilege  of  constructing  a  canal 
to  connect  the  waters  of  the  Chagres  and  Rio  Grande.  The  Baron,  however,  never  viewed  the 
ground  through  which  it  was  contemplated  it  should  pass.  He  had  no  pecuniary  resources  or 
friends  engaged  in  the  project,  and  the  real  purpose  of  his  application  for  the  concession  appeared, 
undoubtedly,  to  have  been  to  obtain  by  that  means  an  acknowledgment  by  the  State  of  New  Gran- 
ada of  his  title  of  sovereignty  over  the  island  of  New  Zealand.  The  sketch  of  his  application 
had  contained  this  title,  and  he  had  vigorously  opj)osed  it«  being  omitted  from  the  grant.  It  was, 
at  the  time  of  Mr.  Biddle's  writing,  considered  a  dead  letter,  and  was  afterwards  annulled. 

''  The  two  points  of  singular  note  in  this  matter  are :  the  act  of  the  Government  of  New  Granada 
in  granting  a  concession  to  such  a  mere  adventurer,  and  the  obtaining  by  Colonel  Biddle,  while  at 
Bogota,  a  grant  for  himself  and  friends  for  the  construction  of  a  railroad  across  Panama.  Thierry 
had  been  one  of  the  ushers  of  Cambridge  University,  England,  and  when  some  of  the  natives  from 
New  Zealand  had  been  its  visitors  they  had  elected  him  sovereign,  confirming  their  act  by  tattooing 
his  title  on  his  body.  After  disdaining  the  grant  from  New  Granada,  passing  over  toward  his 
supposed  territory,  he  was  refused  a  landing  at  Tahiti,  at  the  instance  of  Commander  Fitzroy,  H. 
M.  S.  Beagle.  The  chiefs  of  New  Zealand  had  also  assembled  in  council  and  pronounced  him  a 
foreign  enemy.  Colonel  Biddle-s  act  was  entirely  disapproved  by  the  United  States,  through  Mr. 
Forsyth,  who  caused  a  protest  to  that  effect  to  be  made  at  Bogota,  when  his  mission  was  again 
represented  to  have  been  for  the  purpose  of  collecting  information  only. 
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<^  WMle  Mr.  Biddle  was  absent  from  the  United  States  on  his  mission,  General  Morazin,  Presi- 
dent of  Central  America,  in  1836  employed  a  Mr.  John  Bailey,  R.  M.,  who  had  long  resided  in  the 
country,  to  make  a  survey  for  a  canal.  Bailey  made  a  survey  of  the  narrow  isthmus  intervening 
between  Lake  Nicaragua  and  the  Pacific,  and  also  some  obserA  ations  on  the  river  San  Juan.  These 
observations  and  his  proposed  route  from  the  lake  to  San  Juan  del  Sur  were  thus  criticised  by  the 
late  Admiral  Fitzroy,  R.  N.,  before  the  Royal  Geographical  Society  of  London,  1850:  'This 
favorite  idea  of  cutting  a  canal  from  the  lake  to  the  nearest  point  on  the  ocean  is  checked  by  the 
fact  that  a  range  of  hills  intervenes,  through  which  it  would  be  necessary  to  tunnel,  and  there  is 
no  sheltered  harbor  where  numerous  shipping  may  anchor.  San  Juan  is  only  1,100  yards  across, 
open  to  the  ocean  swell ;  the  elevation  of  the  proposed  tunnel  will  be  at  least  120  feet  above  the 
lake,  and  the  lowest  level  over  it  would  be  some  600  feet  above  the  sea.'  Mr.  Bailey  made  no  report 
upon  the  river  San  Juan. 

"Within  the  same  period,  by  a  convention  between  the  States  of  Nicatragua  and  Honduras,  M. 
Rouchaud  was  authorized  to  conclude  an  agreement  for  the  formation  of  a  canal  company  in  France, 
but  no  results  attended  his  efforts  or  those  of  the  Bishop  of  San  Salvador,  sent  on  a  like  errand 
by  Guatemala  to  Rome.  The  same  is  true  in  regard  to  the  contract  entered  into  with  Nicaragua, 
which  had  become  an  independent  State,  between  Mr.  Holdship  and  Mr.  Soul6,  agents  for  a  com- 
pany formed  in  New  York  and  New  Orleans. 

"  In  1838  the  Government  of  New  Granada,  which  had  continued  to  lay  before  the  world  its  offers 
to  grant  concessions  for  a  canal,  issued  a  grant  to  a  French  house  of  trade,  under  the  firm  of  Sol- 
omon &  Co.,  with  the  privilege  to  construct  either  macadamized  roads,  railroads,  or  canals  across 
the  Isthmus.  Messrs.  Solomon  &  Co.  proposed  to  build  a  canal  by  a  newly  discovered  route,  on 
which  the  summit  level  did  not  exceed  forty  feet;  the  canal  to  require  no  locks  and  form  an  open 
cut  of  sufficient  dimensions  to  admit  the  largest  vessels.  Nothing  practical,  however,  was  effected. 
No  exact  levelings,  no  observations  whatever  were  made,  with  the  exception  of  some  isolated 
barometrical  measurements  on  an  entirely  different  line  from  that  which  had  been  published,  those 
who  had  visited  the  Isthmus  having  judged  the  height  by  simple  visual  observation. 

"June  10,  1843,  M.  Guizot,  prime  minister  under  Louis  Philippe,  addressed  the  Chamber  of 
Deputies  of  France  in  a  speech  in  which  he  referred  to  the  consequences  of  opening  a  canal  across 
the  American  Isthmus  as  involving  necei^sarily  the  most  important  results  in  respect  to  the  com- 
mercial relations  between  Europe  and  Asia;  and  he  admonished  the  Chamber  that  France  should 
not  remain  an  indifferent  spectator  at  a  time  when  Great  Britain  had  already  taken  a  position  in 
Central  America  on  all  the  points  where  the  passage  might  be  cut  off.  He  made  the  fair  conclusion 
that  such  a  work  as  an  interoceanic  canal  across  America  could  be  satisfactorily  accomplished 
only  by  the  cordial  co-operation  of  the  great  maritime  pov^rs. 

"The  French  Government  sent  M.  Garella  to  explore  a  route  which  had  been  most  favorably 
represented  by  the  agents  of  Messrs.  Solomon  &  Co.,  but  he  found  the  report  of  that  company 
wholly  unfounded.  He  made  a  full  examination  of  the  route  from  Linion  Bay  to  Panama  and 
ascertained  the  lowest  elevation  of  the  divide  to  be  120  meters  in  place  of  tbe  12  only  represented 
by  the  agents  of  Solomon  &  Co.,  and  for  a  canal  admitting  ships  of  1,200  tons,  a  tunnel  of  5,350 
meters.    The  full  cost  of  the  work  would  be  nearly  200,000,000  francs. 

''As  far  as  regards  any  action  on  the  part  of  the  United  States  or  its  citizens  for  interoceanic 
communication,  it  was  directed  during  the  next  ten  years  to  the  opening  of  a  route  across  Panama, 
resulting  in  the  negotiation  of  a  treaty  by  which  the  neutrality  of  the  Isthmus  was  guaranteed  by 
the  United  States,  and  New  Granada  conceded  free  transit.  Under  this  treaty,  the  first  steps 
towards  which  would  appear  to  lie  in  Mr.  Biddle's  mission,  the  existing  Panama  Eailroad  Company 
was  organized. 

"In  1844  Seflor  Don  Francisco  Castellon,  the  minister  from  Nicaragua  to  France,  entered  into  a 
fruitless  contract  with  a  Belgian  company,  and  in  1846  Marcoleta,  charge  d'affaires  from  Nicaragua 
to  Belgium,  entered  into  a  like  unfulfilled  contract  with  Louis  Napoleon  Bonaparte,  then  a  prisoner 
in  the  fortress  of  Ham. 

"In  1848  it  was  evident  that  the  war  between  the  United  States  and  Mexico  would  secure  at  its 
close  a  large  extension  of  territory  to  the  former  power.  The  certainty,  therefore,  of  the  develop- 
ment of  new  and  valued  interests  arising  out  of  this  event  awakened  both  in  the  United  States 
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and  abroad  new  investigations.  In  Executive  Document  69,  First  session,  Thirtieth  Congress,  it 
will  be  found  that  the  State  Department  instructed  Mr.  N.  P.  Trist,  its  agent  in  Mexico,  that,  in 
arranging  the  terms  of  a  treaty  of  peace,  'in  place  of  the  $15,000,000  offered  for  an  extension  of 
the  United  States  boundary  over  New  Mexico  and  Upper  and  Lower  California,  he  might  increase 
the  amount  to  any  sum  not  exceeding  $30,000,000,  to  secure  the  right  of  transit  across  the  Isthmus 
of  Tehuantepec'    This  offer  was,  however,  absolutely  rejected  by  the  Mexican  Government. 

"In  the  year  following,  under  contracts  respectively  with  the  Governments  of  Nicaragua  and 
New  Granada,  sanctioned  by  treaty  stipulations,  attention  was  directed  anew  toward  these  routes. 
The  first  success  was  made  by  the  Panama  Eailroad,  in  the  year  1849.  The  route  for  that  road 
was  laid  out  by  engineers  under  Col.  George  Hughes,  of  the  United  States  Topographical  Corps, 
who  found  a  yet  more  favorable  line  than  that  discovered  by  Messrs.  J.  S.  Stephens  and  J.  L. 
Baldwin,  to  whom  is  due  the  credit  of  securing  this  route.  The  road  was  at  once  in  process  of 
construction.  The  late  Admiral  Fitzroy,  in  his  paper  before  alluded  to,  said  of  this  w^ork  that 
'its  progress  was  such  only  as  United  States  men  could  have  accomplished  in  defiance  of  all 
obstacles.' 

"In  Nicaragua,  by  the  agency  of  Mr.  E.  G.  Squier,  charge  d'affaires  of  the  United  States,  under 
a  treaty  of  commerce  and  friendship,  a  very  liberal  charter  between  the  Government  and  the 
American  Atlantic  and  Pacific  Ship  Canal  Company,  of  New  York,  was  ratified  August  27, 1849. 
Under  this  contract  Col.  O.  W.  Childs  made  an  instrumental  examination  of  a  route  from  the  port 
of  San  Juan  to  Brito,  closely  examining  the  short  line  on  the  Pacific  side.  The  judgment  of  engi- 
neers in  England  was  not,  however,  sufficiently  encouraging  to  secure  in  England  the  capital 
needed  to  begin  the  work.  The  company  therefore  lost  its  concession  from  Nicaragua,  but  shortly 
after  obtained  the  use  of  their  conceded  privileges  for  the  purposes  of  local  trade  and  the  transit 
of  passengers,  of  whom  a  very  large  number  passed  over  this  rough  route  to  the  gold  fields  of  Cali- 
fornia and  its  industries. 

**The  occupancy  of  the  Mosquito  territory  by  Great  Britain,  and  the  consequent  disturbed  rela- 
tions of  the  parties  interested,  until  the  conclusion  of  the  well  known  Clayton-Bulwer  treaty,  April 
19,  1850,  had  threatened  for  a  time  the  entire  prevention  of  any  work  in  this  region. 

"In  1853,  under  the  Gadsden  treaty,  the  right  to  construct  a  railroad  across  Tehuantepec  was 
granted  by  Mexico,  but  the  uncertain  political  state,  and  the  terms  of  the  grant,  deferred  for  some 
years  the  practicability  of  securing  even  such  an  improvement  of  communication." 


CHAPTER    IV. 

Influences  which  Affected  the  Development  of  the  Problem. 

While  the  grandeur  of  the  y)roblem  always  secured  for  it  special  students,  its  development 
necessarily  depended  upon  its  practical  character,  and  a  widespread  attention  to  its  solution  could 
not  be  attracted  until  this  element  was  manifested.  In  the  acquisition  of  California  by  the  United 
States,  the  discovery  of  its  gold  fields,  and  those  of  Australia,  and  in  the  development  of  the  Pacific 
coast  of  North  America,  are  to  be  found  the  chief  causes  which  led  to  an  awakened  interest  in  its 
reality,  and  an  increased  appreciation  of  the  importance  of  its  solution.  The  labors  of  Paterson, 
Humboldt,  and  a  host  of  others,  to  impress  upon  the  world  the  importance  of  the  subje<5t  were 
feeble  and  ineffectual  when  compared  with  the  influence  of  the  magic  word  **gold." 

In  the  California  gold  lies  the  potent  charm  which  brought  the  Panama  Kailroad  into  existence ; 
and  the  necessity  which  placed  the  iron-horse  upon  the  Isthmus  awakened  thought  to  the  increased 
practical  value  of  a  ship-way,  and,  as  a  consequence  of  the  attention  thus  attracted,  there  resulted 
a  remarkably  active  attack  upon  the  interoceanic  canal  part  of  the  problem. 

The  era  which  followed  is  noted  not  only  for  the  activity  displayed,  but  also  f  )r  its  being,  with 
the  exception  of  Moro's  instrumental  examination  of  Tehuantepec  and  Garrella's  survey  of  Panama 
in  1843,  the  beginning  of  the  era  of  exact  determinations.  In  Hughes'  survey  for  the  Panama  Rail- 
road, 1849,  Childs'  survey  in  Nicaragua.,  1850-'51,  and  the  Barnard- Williams  survey  in  Tehuantepec, 
1851,  are  to  be  found  the  first  data  approaching  accuracy  and  fullness. 

While  the  new  interest  thus  excited  extended  to  studies  of  different  portions  of  the  American 
Isthmus,  the  field  of  greatest  activity  was  in  Darien  and  its  vicinity.  This  was  due  to  several 
reasons.  The  other  isthmuses  each  possessed  a  single  route,  subject  to  modification.  Darien  held 
forth  promises  in  at  least  six  routes.  The  Tehuantepec,  Nicaragua,  and  Panama  routes  were 
known  to  present  grave  obstacles,  while  those  in  Darien,  being  unexplored.  Were  more  attractive 
to  the  enthusiast,  for  the  very  reason  that  facts,  particularly  stubborn  ones,  were  few  regarding 
their  character,  thus  leaving  an  unrestricted  path  for  the  most  hopeful  expectations.  Other  impor- 
tant reasons  are  to  be  found  in  the  attractions  presented  by  its  narrowness,  its  excellent  harbors, 
the  very  mystery  which  ruled  its  interior,  and,  finally,  in  the  hope  held  forth  by  Humboldt  that 
Darien  held  the  secret  of  the  hidden  way. 

The  eagerness  with  which  a  word  bearing  upon  this  country  was  seized,  if  uttered  by  any  one 
having  the  least  claim  to  the  public  ear,  is  an  evidence  of  the  general  ignorance  respecting  it ;  and 
with  no  other  motive  than  to  give  a  measure  of  this  ignorance  Humboldt's  misconception  will  be 
noted.  The  primitive  idea  of  the  existence  of  a  strait  between  the  two  oceans  was  naturally  fol- 
lowed by  that  of  a  break  or  pass  in  the  Cordillera,  which  could  easily  be  reduced  to  an  artificial 
strait.  Of  such  passes  there  was  no  lack  in  the  legendary  lore  of  the  country,  and  the  very 
ignorance  respecting  its  interior  aided  the  notion  of  their  existence,  and  permitted  free  play  to  the 
imagination  respecting  them.  One  of  them  was  placed  at  the  headwaters  of  the  Napipi  Eiver, 
and  the  following  extract  from  Humboldt's  Personal  Narrative  of  Travels  shows  how  ftdly  con- 
vinced he  was  of  its  existence ;  and  the  fact,  developed  by  governmental  surveys,  that  the  Cordil- 
lera is  unbroken,  that  its  altitude  varies  from  six  hundred  to  two  thousand  feet  in  this  vicinity, 
shows  how  far  wrong  he  was  : 

*'  The  erroneous  idea  which  geographers,  or  rather  drawers  of  maps,  have  so  long  propagated, 
of  the  equal  heights  of  the  Cordilleras  of  America,  their  prolongation  in  the  form  of  walls  and  con- 
tinued ridges,  and,  finally,  of  the  absence  of  any  transversal  valley  crossing  the  pretended  central 
chain,  has  caused  it  to  be  generally  believed  that  the  junction  of  the  seas  is  an  undertaking  of 
greater  difficulty  than  there  has  been  hitherto  reason  to  suppose. 

''  It  appears  that  there  are  no  chains  of  mountains,  not  even  a  ridge  of  partition,  or  any  sensi- 

*-  '       '  .24 
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The  Isthmas  of  Darien  and  the  adjoining  province  of  Ohoco,  in  the  valley  of  the  Atrato, 
showing  the  different  localities  that  have  been  made  the  sabject  of  study  or  exploration. 
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ble  line  of  demarkation  between  the  Bay  of  Cupica,  on  the  coast  of  the  South  Sea,  and  the  Bio 
Naipa,  which  empties  itself  into  the  Atrato,  fifteen  leagues  above  its  mouth.  A  Biscayan  pilot, 
M.  Gogueneche,  called  the  attention  of  government  to  this  point  in  the  year  1799. 

"  Persons  worthy  of  credit,  who  have  made  the  passage  with  him  from  the  Pacific  sea  to  the 
embarcadere  of  Naipi,  assured  me  that  they  saw  no  hill  in  that  isthmus  of  alluvial  earth  which 
they  were  ten  hours  in  crossing.  A  merchant  of  Carthagena,  South  America,  deeply  interested 
in  all  that  regards  the  statistics  of  New  Granada,  Don  Ignacio  Pombo,  wrote  to  me  in  the  month 
of  February,  1803 :  ^  Since  you  ascended  the  Rio  Magdalena  to  Santa  ¥6  and  Quito  I  have  never 
ceased  to  take  information  respecting  the  Isthmus  of  Cupica.  There  are  only  from  five  to  six 
leagues  from  that  port  to  the  embarcadere  of  Rio  Naipi,  and  the  whole  territory  is  a  plain  (Ureno 
enteraminte  llanos).^  From  the  facts  I  have  mentioned,  it  cannot  be  doubted  that  this  part  of 
the  northern  Choco  is  of  the  highest  importance  for  solving  the  problem  under  our  consideration; 
but  in  order  to  form  a  precise  idea  of  this  absence  of  mountains  at  the  southern  extremity  of  the 
Isthmus  of  Panama,  we  must  bear  in  mind  the  general  outline  of  the  Cordilleras. 

"The  chain  of  the  Andes  is  divided  at  the  second  and  fifth  degrees  of  •  latitude  into  three 
chains,  and  the  two  longitudinal  valleys  that  separate  those  chains  from  the  basins  of  the  Magda« 
lena  and  the  Rio  Cauca. 

"  The  eastern  branch  of  the  Cordilleras  inclines  towards  the  northeast,  and  joins  itself  by  the 
mountains  of  Pamplunis  and  Guita  to  the  Sierra  Nevada  de  Merida  and  the  chain  of  the  coast  of 
Venezuela,  and  the  intermediate  and  western  branches  of  Quindis  and  Choco  run  into  one  another, 
in  the  province  of  Antioquia,  between  the  6°  and  7^  of  latitude,  and  form  a  group  of  mountains 
of  considerable  breadth,  stretching  by  the  Valle  de  Osos,  and  the  Alto  del  Yiento,  towards 
Cazeres,  and  the  elevated  savannahs  of  Tolu. 

"  Farther  west,  in  the  Choco  del  Norte,  the  mountains  lower  to  such  a  degree  that,  between 
the  Gulf  of  Cupica  and  Rio  Naipi,  they  disappear  altogether.'' 

In  support  of  this  theory  of  a  break  of  the  Cordilleras  in  the  vicinity  of  Cupica  Bay,  it  is 
stated  by  Watts  that  an  enterprising  Spanish  merchant  opened  a  road  for  the  transportation  of 
merchandise  from  the  head  of  canal  navigation  in  the  Napipi  to  the  Pacific;  and  again,  that  in 
1820  a  boat  of  the  Chilian  war  vessel  Andes  was  hauled  from  the  Pacific  to  a  navigable  point  on 
the  Napipi  in  ten  hours.  There  is  no  doubt  of  there  hfh^ing  been  a  mule  road  or  trail,  as  evi- 
dences of  such  remain  to  this  day,  and  the  fact  of  the  transportation  of  the  Andes'  launch  is 
attested  by  Cochrane  in  his  Travels  in  Columbia;  but  the  element  of  time  is  altogether  out,  as  it 
would  require  nearly  all  of  the  interval  stated  to  perform  the  journey  unimpeded.  The  inference 
was  that  the  transportation  of  the  boat  was  an  easy  matter,  whereas  it  must  have  been  a  labor 
requiring  much  time  and  toil. 

Other  localities  of  the  Isthmus  disputed  with  the  Napipi  for  an  almost  uninterrupted  water 
communication  across,  having  but  an  insignificant  carry  from  canoe  navigation  on  one  slope  to  that 
on  the  other,  and  that  the  canoes  were  hauled  over  this  short  distance  with  ease.  Undue  impor- 
tance was  attached  to  this  performance,  as  the  fact  bore  no  evidence  to  the  altitude  of  the  atravesiaj 
or  carry,  above  the  level  of  the  sea,  it  being  possible  to  transport  light  canoes  over  high  ridges. 

These  legends  received  additional  value  from  Humboldt's  reference  to  some  of  them  in  point- 
ing to  the  Isthmus  of  Darien  and  the  valley  of  the  Atrato  as  the  proper  field  for  future  explora- 
tion. In  the  absence  of  a  personal  experience  of  the  country  he  was  forced  to  rely  upon  the 
statements  of  others,  and  gave  such  as  influenced  him  to  look  in  that  direction  for  what  they  were 
worth ;  and  while  not  pretending  to  write  authoritatively  of  this  region,  his  general  reputation 
was  considered  and  undue  weight  given  to  his  utterances,  which  have  been  quoted  again  and 
again,  as  though  possessing  the  full  value  of  a  personal  observation  made  by  the  illustrious 
savant. 

For  the  reasons  given,  and  allured  by  the  ^'  will  of  the  wisp,"  the  break  in  the  Cordillera, 
Darien  became  the  scene  of  a  marked  activity  which  was  participated  in  by  citizens  of  England, 
France,  and  the  United  States ;  but  to  those  of  the  latter  country  is  due  the  honor  of  a  more 
active  exploration  and  of  the  accomplishment  of  better  results.  Individual  efforts,  however, 
availed  but  little ;  in  fact  a  prominent  feature  of  these  early  expeditions  is  embodied  in  the  word 
"  failure."  From  the  time  Columbus  abandoned  its  shores,  after  a  vain  search  for  the  strait,  until 
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within  the  past  deoade,  of  the  many  attempts  which  have  been  made  to  explore  Danen  and  its 
vicinity,  but  few  were  attended  with  any  success ;  the  majority  of  them,  conducted  by  enthusiastic 
searchers  after  a  route  which  would  be  theirs,  were  not  only  unsuccessful,  but,  what  is  worse,  fur- 
nished results  which  were  in  fact  the  flimsiest  of  illusions,  and  only  added  a  multitude  of  contra- 
dictions to  the  existing  uncertainties. 

It  is  natural,  in  a  region  which  places  her  secrets  beyond  the  reach  of  all  methods  save  those 
of  exact  science,  that  the  explorer,  with  a  concession  in  his  pocket,  or  with  a  desire  to  render  his 
name  famous,  should  be  so  far  carried  away  as  to  overcolor  apparent  advantages,  and  not  only 
vnderestimate  but  be  entirely  blind  to  disadvantages  which  are  really  much  more  appai'ent.  Such 
fiEtnciful  results,  presented  to  the  world  through  the  press  and  learned  societies,  acquire  a  certain 
dignity  which  has  its  influence  in  extending  the  errors. 

Efforts  of  this  character  resulted  in  widely  conflicting  statements,  and  the  greater  the  number 
of  such  explorations  the  greater  became  the  number  of  uncertain  elements  in  the  problem  which 
had  to  be  eliminated  by  accurate  surveys.  Even  after  these  had  been  executed  and  the  results 
given  to  the  world  there  still  remained  champions  of  visionary  schemes,  adhering  so  tenaciously 
to  them  that  to  have  been  honest  in  their  convictions  they  must  have  been  invincibly  ignorant  of 
facts.  It  is  for  their  negative  value,  and  to  the  persistency  on  the  part  of  pseudo-experts  in  advo- 
cating such  routes,  even  to  a  late  day,  acquiring  for  them  an  unmerited  importance,  that  it  is 
necessary  to  i*ecord  these  fatile  attempts  at  exploration. 

Among  these  individual  efforts,  however,  those  instituted  by  Mr.  F.  M.  Kelley,  of  New  York, 
stand  forth  prominently  as  being  of  great  value;  and  it  was  through  his  exertions  that  the  United 
States  Oovemment  interested  itself  in  making  an  official  survey  of  the  Truando  route,  previously 
explored  by  his  direction.  This  was  in  1857,  and  the  interest  thus  developed  would  no  doubt 
have  been  continued  were  it  not  for  the  unsettled  state  of  the  country,  soon  followed  by  the  War 
of  the  Kebellion. 

THB  DAVTN  OF  LIGHT  ON  THE  ERA  OP  SYSTEMATIC  EFFORT. 

The  leading  students  of  the  problem,  seeking  its  full  and  not  partial  solution, sought  this  end 
by  recommending  a  system  which  it  was  gjxpected  would  develop  all  the  elements  involved  in  the 
height  and  character  of  the  Cordilleras.  Humboldt  once  gave  an  opinion  upon  this  in  substance 
thus :  "Do  not  waste  your  time  and  money  in  running  experimental  lines  across.  Send  out  a  party 
fully  equipped,  which,  keeping  along  the  dividing  ridge  from  the  Atrato  Valley  down  the  whole 
length  of  the  Isthmus  as  far  as  the  Cordillera  of  Veragua,  will  give  you  a  complete  knowledge  of 
the  hypsometrical  and  geological  condition  of  the  dam  that  obstructs  the  travel  and  commerce 
of  the  world."  V.  A.  Malte  Brun,  editor  of  the  publication  of  the  Soci^t^  de  Gteographie,  of 
Paris,  in  1866,  freely  expressed  himself  in  the  same  way,  after  a  thorough  study  of  what  had  been 
done.  "It  is  to  be  desired,''  he  writes,  "to  have  an  exploration  from  the  Atlantic  Ocean,  having 
for  its  object  the  whole  Cordillera  from  the  Gulf  of  San  Bias  to  Cape  Tiburon.  True,  that  would 
require  energy  and  money." 

To  these  requirements  an  eternity  would  have  to  be  added,  for  although  the  plan  is  simple 
and  seems  easy  of  execution,  it  is  not  so,  and  is  in  reality  impracticable.  To  ascertain  the  eleva- 
tion of  the  crest  of  the  dividing  ridge  at  all  points  would,  of  course,  involve  the  necessity  of  follow- 
ing it  throughout  its  length,  but  owing  to  the  physical  characteristics  of  the  country  this  is  so 
difficult  as  to  be  almost  impossible.  This  was  demonstrated  during  the  Darien  survey  of  1870-'71, 
when  an  attempt  was  made  to  find  the  elevation  of  the  Cacarica  Pass,  a  few  miles  to  the  northward 
of  the  point  where  the  main  line  of  survey  crosses  the  Cordillera,  by  running  a  line  of  levels  along 
the  crest  of  the  divide  until  the  depression  was  reached.  Nearly  three  weeks  were  consumed  in 
this  attempt,  and  the  aetual  progress  made  along  the  crest  of  the  divide  was  less  than  a  mile. 
This  slow  advance  in  the  desired  direction  was  due  to  the  density  of  the  forest,  in  which  the  vision 
was  limited  to  a  radius  of  a  few  feet,  and  to  the  repeated  changes  in  direction  of  the  dividing  ridge. 
Owing  to  these  changes  of  direction  the  line  of  survey  was  constantly  running  off  from  the  divide  to 
its  spurs,  and  it  often  happened  that  the  labor  of  several  days  of  a  supposed  advance  was  wasted 
on  a  spur  before  that  tantalizing  fact  would  be  made  manifest.    Unable  to  judge  how  much  of  this 
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work  was  od  the  spar  and  how  mach  on  the  divide,  or,  in  other  words,  at  what  point  the  divide 
had  been  lost,  it  was  necessary  to  go  back  to  a  point  known  to  be  on  the  divide,  and  from  there 
undertake  a  system  of  laborious  and  wearisome  reconnaissances  to  ascertain  the  locality  of  the 
divide  farther  on.  Several  days  at  a  time  were  frequently  spent  in  such  a  search,  and  then^  after 
following  it  a  short  distance,  the  former  experience  would  be  repeated. 

The  difficulty  of  keeping  the  "divide'^  can  be  better  understood  by  referring  to  the  accom- 
panying sketch.  Considering  the  ridge  and  spurs  raised  so  as  to  be  detected  by  the  touch,  it  will 
be  clear  that  with  closed  eyes,  and  no  previous  knowledge  of  the  tracing,  a  person  commencing 
either  at  A  or  B  to  follow  the  ridge  would  be  sure  to  run  off  by  the  spurs  1  or  3. 

Fortunately  it  is  not  necessary  to  follow  the  crest  of  the  divide  to  learn  of  its  depressions,  as 
the  watercourses  on  either  side  lead  to  them.  The  bed  of  a  stream  or  river  furnishes  the  line  of 
lowest  levels  in  the  basin  drained.  This  axiomatic  statement  formed  the  basis  of  a  plan  for  sys- 
tematic explorations  developed  by  Lieutenant  (now  Bear  Admiral)  Ammen  nearly  twenty-five  years 
ago,  and  in  the  history  of  the  problem  there  is  no  effort  fraught  with  such  great  and  practical 
results.  It  was  the  early  dawn  of  the  light  which  now  rests  on  the  problem,  and  has  linked  its 
author's  name  permanently  in  a  most  honored  position  to  the  grandest  project  of  modern  civiliza- 
tion. 

Beading  with  a  melancholic  interest  the  account  of  the  Derien  expedition  under  Lieutenant 
Strain,  U.  S.  N.,  in  1854,  Admiral  Ammen  was  attracted  by  a  paragraph  which  seemed  to  point 
to  a  strong  probability  of  the  existence  of  a  low  line  of  levels  between  waters  adjacent  to  Caledonia 
Bay  and  the  waters  of  the  Sucubti  at  the  point  reached  by  Strain  after  three  days'  travel  down 
that  river.  When  encamped  on  an  island  where  it  seems  the  river  was  no  longer  a  mountain  stream, 
Strain  supposed  that  he  heard  the  evening  gun  of  the  Cyane,  the  vessel  he  had  left  four  days  pre- 
viously. Assuming  as  a  fact  that  the  evening  gun  had  been  heard,  it  seemed  to  Ammen  an  indi- 
cation of  a  low  line  of  levels  lying  between  the  vessel  and  the  encampment.  In  explanation  he 
stated  that  ^^  every  observer  who  has  stood  on  a  mount>ain  peak  has  doubtless  been  struck  with 
the  many  sounds  which  have  reached  his  ear,  coming  up  from  the  valleys  beneath  with  surprising 
force  and  distinctness ;  the  song  of  birds,  the  lowing  of  cattle,  and  the  voices  of  men,  curiously 
commingled,  fill  the  air;  the  line  of  least  resistance  carries  souod  in  a  constantly  increasing 
upward  angle,  never,  of  course,  to  come  down  again  to  its  former  level." 

The  loss  of  life  and  the  absence  of  instrumental  results  in  the  Strain  expedition,  and  the  sup- 
position of  Strain,  when  encamped  for  the  first  time  and  near  the  crest  of  the  divide,  that  some 
of  his  party  who  had  separated  "  had  followed  up  the  valley  which  he  felt  sure  existed  on  his  left," 
together  with  the  supposed  hearing  of  the  evening  gun  before  alladed  to,  led  Ammen  to  consider 
how  to  overcome  the  difficulties  of  exploration  in  that  country.  Presenting  his  views  to  Mr.  Toacey, 
Secretary  of  the  Navy,  in  1856,  he  requested  to  be  furnished  with  authority  and  the  necessary, 
but  inexpensive,  means  to  examine  the  Isthmus  of  Darien.  Failing  to  receive  countenance  and 
support,  he  went  to  duty  on  the  Pacific  Station,  and  did  not  return  from  his  cruise  until  1860,  when 

he  laid  the  following  paper  before  the  American  Geographical  Society  on  the  7th  June  of  that  year: 

•  •••#•• 

"  It  is  believed  that  the  learned  Geographical  Society  of  New  York  will  readily  concede  that 
the  topography  of  Darien  is  still  almost  unknown,  and  that  it  presents  a  question  whose  solution 
is  much  desired,  namely,  the  possibility  of  constructing  a  ship-canal  between  the  two  oceans. 

^^  The  various  expeditions  to  that  region  have  furnished  only  partial  maps  of  any  accuracy ; 
and,  in  view  of  the  very  incomplete  results,  it  may  be  asked  whether  it  is  not  possible  to  explore 
thoroughly  a  district  of  such  limited  extent.  Nevertheless,  these  expeditions  have  furnished  very 
useful  information  touching  their  causes  of  failure,  and  it  would  be  wanting  in  justice  not  to 
acknowledge  particularly  the  hardships  and  perils  of  that  under  Lieutenant  Strain,  TJ.  S.  N.,  in 
1853,  and  the  endurance  and  courage  shown  by  himself  and  others.  To  profit  by  the  experieMce 
of  those  that  have  preceded,  in  the  organization  of  another  expedition,  may  insure  its  success. 

"Although  there  are  facts  which  appear  to  favor  the  existence  of  a  low  line  of  levels  between 
the  two  oceans,  a  great  object  would  still  be  gained  were  the  reverse  fully  established.  Capital- 
ists will  entertain  seriously  this  project  of  constructing  a  ship-canal  between  the  points  already 
pronounced  practicable  only  after  it  has  become  a  certainty  that  the  best  line  of  levels  has  been 
determined. 
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"  Colonel  Totten,  the  able  superintendeDt  of  the  Panama  Railroad,  pronounces  a  line  practi- 
cable for  a  ship-canal  near  that  of  the  railroad.  The  whole  territory  from  the  Isthmus  of  Panama 
to  that  of  Darien  is  as  yet  so  imperfectly  known  that  the  character  of  much  of  the  topography  is 
only  conjectured,  and  therefore  may  present  yet  more  favorable  conditions  for  the  construction  of 
a  shipcanal  than  that  above  mentioned.  It  will  be  borne  in  mind  that  the  region  alluded  to  has 
never  been  entirely  under  the  dominion  of  the  white  man,  and  that  at  this  time  no  stranger  is  per- 
mitted to  traverse  or  reside  in  the  country. 

"  The  maps  made  by  the  Jesuits  some  two  centuries  ago  show  at  least  three  points  where  the 
waters  flow  into  the  Pacific  from  the  south  and  west  slopes  of  mountains  which  rise  immediately 
on  the  borders  of  the  Caribbean  Sea.  The  expedition  of  Strain  verifies  one  point;  and  with  the 
summit  level  so  near  one  terminus  the  possibility  of  finding  gaps  in  the  mountains,  or  of  there 
being  favorable  localities  for  tunneling,  will  be  readily  admitted. 

'^  The  account  published  of  Strain's  expedition  states  that  finding  a  mountain  path  which  they 
followed  on  leaving  the  bed  of  the  Caledonia  River,  on  the  Caribbean  slope,  his  party  separated, 
and  that  in  the  afternoon  he  halted  and  fired  guns  to  indicate  his  locality,  and, at  this  point  Strain 
speculates  on  the  probability  of  the  missing  men  having  followed  up  a  valley  which  he  felt  sure 
was  on  his  left.  The  waters  here  flowed  into  the  Pacific.  The  next  day  they  followed  a  streamlet, 
and  soon  reached  'a  considerable  river,'  down  which  they  followed.  That  night  at  their  encamp- 
ment they  supposed  they  heard  the  9-o'clock  gun  of  th^  Cyane,  the  sloop  of  war  they  had  left  four 
days  before. 

''A  tradition  has  long  existed  that  the  Indians  go  from  ocean  to  ocean  with  their  canoes.  If 
such  is  the  fact,  the  portage  is  no  doubt  short  and  the  hills  low.  There  is  no  positive  knowledge 
in  relation  to  the  Isthmus  of  Darien  which  precludes  the  existence  of  a  low  line  of  levels.  On  the 
other  hand,  we  have  the  facts  before  stated,  showing  that  the  summit  level  borders  the  Caribbean, 
and  that  Strain  was  convinced  that  he  heard  the  evening  gun  of  the  Cyane,  which  in  itself,  if  true, 
appears  to  make  the  existence  of  a  low  line  of  levels  almost  a  certainty,  for  he  was  then  at  a  point 
where  the  river  Sucubti  was  no  longer  a  mountain  stream.  It  is  not  believed  possible  that  the 
sound  of  a  gun  at  such  a  distance  will  pass  over  an  unbroken  mountain  chain  and  descend  into 
the  valley  below. 

"Having  been  in  the  forests  of  Central  America,  I  appreciate  the  difficulty  of  a  proper  recon- 
naissance, such  as  would  settle  the  practicability  of  a  route  for  a  ship-canal  or  the  reverse.  I  beg, 
therefore,  that  the  learned  Geographical  Society  will  pardon  my  zeal,  if  not  presumption,  in  offer- 
ing  a  few  suggestions  in  relation  to  the  organization  of  a  party  and  to  the  mode  of  operations 
which  may  be  adopted  for  the  attainment  of  the  proposed  object.  The  journals  of  the  expeditions 
alluded  to  indicate  their  defective  organization  and  reveal  many  causes  of  failure ;  but  as  the 
object  of  this  paper  is  to  acknowledge  and  profit  by  the  information  received  through  them,  we  will 
pass  at  once  to  the  consideration,  in  a  practical  form,  of  further  explorations. 

**  Twenty  young  men  accustomed  to  labor  and  to  the  use  of  the  ax  and  the  rifle,  provisioned 
with  a  light  supply  of  pemmican  and  of  parched  corn,  and  supplied  with  proper  arms,  axes,  fish- 
hooks, &c.,  and  provided  with  a  portable  boat,  would  be  able  to  reach  the  Pacific  with  ease  and 
to  live  in  these  forests  without  the  possibility  of  suffering  from  want  of  food.  In  our  country  the 
organization  of  such  a  party  would  be  an  easy  matter.  Once  upon  the  ground,  they  could  proceed 
as  follows : 

"1.  Aided  by  boats,  to  make  a  geographical  determination  or  unification  of  the  coast  line,  if 
found  correct,  from  the  Bay  of  San  Bias  to  the  port  of  Santa  Maria  Vieja,  a  distance  of  some  130 
miles;  also  making  examinations  and  reconnaissance  of  harbors  and  inlets  of  which  no  charts 
exist. 

'^2.  A  thorough  examination  of  all  the  considerable  ravines  to  the  summit  level  of  the  Coast 
range,  chaining  the  distances,  or  using  the  sextant  by  measuring  the  height  of  the  measuring  staff, 
or  by  the  use  of  a  micrometer  telescope,  taking  also  lines  of  levels  and  compass  courses.  Where 
mangrove  swamps  exist  it  would  be  necessary  to  examine  with  particularity  the  hard  ground 
inside  of  them,  as  a  great  waste  of  dSbris  from  a  valley  would  probably  cause  a  swamp  in  that 
almost  tideless  sea. 

"  3.  On  the  Pacific  slope,  to  ascend  the  various  arms  of  rivers  falling  into  the  Bay  of  San  Miguel, 
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as  high  as  possible,  taking  lines  of  levels,  courses  by  compass,  distances  by  micrometer  telescopes, 
and  from  time  to  time  making  geographical  determinations ;  also  to  make  the  same  observations 
on  the  river  Chepo,  between  the  headwaters  of  which  and  the  streams  falling  into  the  Gulf  of  San 
Bias  there  is  great  reason  to  believe  may  be  found  a  most  favorable  point  for  the  construction  of 
a  ship-canal. 

<^4.  To  observe  with  particular  care,  on  ascending  these  rivers,  localities  where  a  near  approach 
of  massive  hills  might  afibrd  the  possibility  of  the  formation  of  artificial  lakes;  also  the  superficies 
that  may  be  overflown,  as  well  as  the  height  and  extent  of  the  embankment  required.  It  is  not  at 
all  improbable  that  large  districts  could  be  flooded  with  little  labor,  and  the  distance  shortened 
very  materially  over  which  it  would  be  necessary  to  make  excavations. 

*'  These  observations,  when  complete  and  plotted,  would  form  a  skeleton  map  which  would 
show  the  canals  dug  by  nature,  and  their  relative  depths,  and  would  point  out  also  the  bearings 
and  distances  of  the  various  localities  with  reference  to  each  other.  Thus  it  would  be  made  easy 
to  connect  the  watersheds  of  the  two  oceans  by  the  most  practicable  line  of  levels  between  any 
desired  points,  and  to  consider  the  feasibility  of  a  tunnel,  if  necessary,  as  will  probably  be  the  case 
in  the  construction  of  a  ship-canal. 

"  The  forests  are  so  interminable,  so  matted  together  by  vines  and  clicked  by  undergrowth, 
that  once  beneath  their  foliage  it  is  literally  groping  in  the  dark..  The  exploration  of  even  a  few 
miles  is  attended  with  much  labor;  a  fact  attested  by  all  who  have  actually  tried  it.  As  a  primary 
step  to  a  satisfactory  determination  of  the  topography  of  the  Isthmus  of  Darien,  a  skeleton  map, 
as  above  proposed,  appears  to  be  an  actual  necessity. 

"  The  boats  now  in  use  on  the  Chagres  River  would  be  well  adapted  to  exploring  the  river 
alluded  to;  and  by  the  use  of  two  of  them,  carrying  up  lines  of  levels  would  not  be  a  slow  opera- 
tion. As  they  are  usually  propelled  by  use  of  poles,  and  draw  but  little  water,  they  can  ascend 
almost  any  stream  not  a  mountain  torrent. 

'^  It  would  be  essential  to  cultivate  the  best  relations  with  the  coast  Indians,  and  have  them 
communicate  the  fact  to  their  friends  in  the  interior.  By  judicious  conduct  towards  them,  their 
repugnance  to  visitors  might  be  overcome,  and  perhaps  even  their  cooperation  secured ;  at  all 
events,  after  awhile  they  would  feel  assured  of  the  good  faith  and  kind  disposition  of  the  explor- 
ers and  finding  our  people  never  off  their  guard,  the  natives  would  feel  the  danger  of  initiating 
hostilities. 

"  The  discussion  of  the  subject  by  your  learned  society  cannot  fail  to  promote  a  disposition  on 
the  part  of  our  Government  and  that  of  other  Governments  interested  in  extending  commerce  to 
set  at  rest  all  doubts  through  the  organization  of  such  expeditions  as  will  be  able  to  effect  the 
object,  namely,  the  determination  of  the  topography  of  the  Isthmus  of  Darien,  with  reference  to 
the  practicability  of  constructing  a  ship-canal  between  the  two  oceans." 

This  paper  was  read  before  the  American  Geographical  Society  during  a  period  of  great  polit- 
ical excitement,  which,  as  time  passed,  grew  sectional  and  more  intense  until  the  following  spring, 
when  our  country  found  itself  in  the  toils  of  civil  war,  which  precluded  any  action  upon  the  valu- 
able suggestions  presented. 

When  in  Washington,  in  the  winter  and  spring  of  1866,  Admiral  Ammen  had  frequent  oppor- 
tunities for  discussing  the  canal  question  with  General  Grant,  whose  life  he  saved  when  a  boy, 
and  for  whom  he  entertained  a  high  regard  and  friendship.  In  these  studies  an  old  Spanish  map 
was  used,  and,  at  General  Grant's  request.  Rear- Admiral  C.  H.  Davis,  Superintendent  of  the  Naval 
Observatory,  had  it  enlarged,  and  the  correct  coast  lines  and  other  parts  of  the  topography  better 
known  were  substituted.  The  interest  which  the  General  took  in  this  important  subject  is  shown 
in  the  following  letter: 

"  HEADQU AETEES  ARMIES  OP  THE  UNITED  STATES, 

"  Washington^  D.  C,  July  7,  1866. 

"Deae  Sir:  Your  letter  of  the  3d  July,  alluding  to  the  interest  which  I  have  heretofore 
expressed  in  favor  of  a  canal  to  connect  the  Atlantic  and  Pacific  Oceans  is  received.  I  firmly  believe 
the  scheme  practicable,  and  if  it  is,  there  is  no  doubt  but  that  in  this  age  of  enterprise  the  work 
will  be  done.    I  regard  it  as  of  vast  politic^il  importance  to  this  country  that  no  European  Govern- 
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ment  should  hold  sach  a  work.  For  this  reasoD  I  have  endeavored  for  the  last  year  to  get  such  a 
thorough  survey  made  by  the  G-overnment  of  the  United  States,  through  tiie  territory  of  the 
Colombian  Government,  as  would  fully  determine  whether  sueh  a  project  is  feasifcle,  not  doubting 
but  that  on  the  presentation  of  such  feasibility  American  capital  and  an  American  company, 
under  some  treaty  that  could  be  easily  arranged  between  the  two  Oovemments,  would  undertake 
it.    •    •     • 

<'At  the  instance  of  Captain  Ammen,  U.  S.  N.^  and  myself,  the  Secretary  of  State  has  put  him- 
self in  communication  with  the  Colombian  Government,  with  the  view  of  obtaining  the  authority 
to  make  a  survey  through  the  territory  for  the  purpose  of  determining  the  practicability  of  an 
interoceanic  canal. 

"Very  respectfully,  vour  obedient  servant, 

"U.  S.  GRANT, 

^^JUeutenanU  Oeneral. 
"  Rear- Admiral  C.  H.  Davis,  United  States  NavyJ" 

The  subsequent  indifference  shown  by  Mr.  Seward,  Secretary  of  State,  caused  General  Grant 
to  refrain  from  having  anything  more  to  say  to  him  in  relation  to  farther  examinations  of  the 
Isthmus. 

Recognizing  the  value  of  ah  official  answer  to  the  question  whether  the  Isthmus  had  been 
satisfactorly  explored  and  was  sufficiently  well  known  to  make  it  possible  to  decide  upon  the  best 
location  for  a  canal.  General  Grant  and  Admiral  Ammen  secured  the  passage  of  the  following 
resolution,  introduced  by  Senator  John  Conness,  of  California  : 

^^  Resolved^  That  the  Secretary  of  the  Navy  furnish,  through  a  report  of  the  Superintendent  of 
the  Naval  Observatory,  the  summit  levels  and  distances  by  survey  of  the  various  proposed  lines 
for  interoceanic  canals  and  railroads  between  the  waters  of  the  Atlantic  and  Pacific  Oceans ;  as 
also  their  relative  merits  as  practicable  lines  for  the  construction  of  a  ship-canal,  and  especially  as 
relates  to  Honduras,  Teh uan tepee,  Nicaragua,  Panama,  and  Atrato  lines;  and  also,  whether  in 
the  opinion  of  the  Superintendent  the  Isthmus  of  Darien  has  been  satisfactorily  explored,  and  if 
so,  furnish,  in  detail,  charts,  plans,  lines  of  levels,  and  all  information  connected  therewith,  and 
upon  what  authority  they  are  based.'' 

In  compliance  with  the  resolution,  the  report  was  made  by  Rear-Admiral  C.  H.  Davis,  in  July, 
1866.  As  the  result  of  his  investigation,  he  reported  that  the  Isthmus  of  Darien  had  not  been 
satisfactorily  explored,  and  further  that  "  there  does  not  exist  in  the  libraries  of  the  world  the 
means  of  determining,  even  approximately,  the  most  practicable  route  for  a  ship-canal  across  the 
Isthmus.  Our  really  authentic  information  amounts  to  this :  That  at  that  part  of  the  American 
Isthmus  where  the  oceans  approach  each  other  nature  has  supplied  harbors  of  unsurpassed  excel- 
lence on  both  sides,  and  navigable  rivers  that  invite  the  traveler  to  penetrate  into  the  wilderness ; 
while  on  one  side  she  has  established  a  tidal  condition  in  the  highest  degree  favorable  to  the 
needs  of  a  commerce  which  traverses  the  great  seas.'' 

These  prominent  features  of  Darien  were  too  important  to  be  disregarded,  and  as  long  as  its 
interior  remained  a  terra  incognita  the  question  of  location  for  an  interoceanic  canal  could  not 
claim  a  wise  determination.  Recognizing  the  importance  of  filling  tliis  gap  in  our  information, 
Senator  Conness  obtained  from  Congress  an  appropriation  for  the  necessary  surveys,  and  in  the 
latter  part  of  1869  the  first  active  steps  were  taken  by  the  United  States,  through  her  Navy,  to 
efface  this  blot  upon  the  knowledge  of  the  world. 

In  the  mean  time  General  Grant  had  been  elected  President,  and  did  not  fail  to  take  an  active 
interest  in  the  solution  of  the  problem.  Admiral  Ammen  was  recalled  from  the  Asiatic  Station 
and  appointed  Chief  of  the  Bureau  of  Navigation,  Navy  Department,  and  was  charged  by  the 
Secretary  of  the  Navy  with  the  duty  of  organizing  the  surveying  expeditions  and  directing  their 
efibrts.  He  was  charged  "to  give  special  attention  to  the  selection  of  the  most  efficient  officers 
for  this  work;  to  look  closely  to  the  proper  supply  of  articles  of  subsistence,  and  for  the  best  in- 
struments found  by  experience  to  be  suitable;  to  formulate  orders  for  his  examination  and  ap. 
proval;  to  examine  closely  the  results  of  surveys;  and  to  supply  whatever  deficiences  might  be 
found  to  exist  for  the  full  investigation  and  determination  of  this  question." 
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Under  aresolation  of  Congress,  President  Grant  appointed  a  Commission,  on  March  13, 1872, 
to  stndy  the  results  furnished  by  the  United  States  expedition  and  other  reliable  sources.  This 
Commission  was  ordered  to  consist  of  the  Chief  of  Engineers,  United  States  Army,  the  Saperin- 
tendent  of  the  Coast  Survey,  and  the  Chief  of  the  Bureau  of  Navigation.  The  officers  filling 
these  positions  at  the  time  were,  General  A.  A.  Humphreys,  C.  P.  Patterson,  and  Commodore 
Daniel  Ammen.  After  the  appointment  of  the  Commission  all  orders  and  instructions  for  surveys 
in  progress  were,  in  effect,  in  accordance  with  its  wishes  and  requirements. 


CHAPTER   v.* 

The  American  Isthmus:  Its  Physical  Characteristics,  Area,  and  Population. 

THE  ISTHMUS  OF  TEHUANTEPEC  AND   CENTRAL   AMERICA,  FROM  THE  COATZACOALCOS  TO  THE 

ATRATO. 

PHYSIOAL  OHABAOTBBISTICS— AREAS— POPULATION — TABLE  OP  ROUTES. 

The  distingaished  geographer,  Carl  Bitter,  was  the  first  to  invite  attention  to  some  marked 
pecalarities  presented  to  an  eye  which  rests  on  a  map  of  the  two  continents.  These  are:  In  each 
continent  a  peninsular  form,  trending  southward,  either  in  a  mass,  as  Africa  or  South  America,  or 
in  broken  peninsulas,  as  Southern  Asia  and  Europe;  secondly,  the  existence  of  island  groups  on 
the  right  hand  of  the  southern  limits  of  each  land  mass,  as  the  West  Indies  and  the  Falkland 
group  for  America,  and  Australasia,  with  the  various  peninsulas  of  Southern  Asia;  and,  as  a  thii^ 
and  more  marked  characteristic,  the  narrow  neck  of  land  which  in  each  continent  joins  the  land 
masses  and  separates  two  seas — the  Isthmus  of  Africa,  Suez :  the  Isthmus  of  America,  Tehuante- 
pec,  and  the  yet  narrower  neck  joining  the  two  Americas. 

The  two  isthmuses,  African  and  American,  themselves  strongly  contrast  with  each  other. 
Physically,  Suez  is  a  hundred-mile  arid  depression,  of  which  more  than  half  is  on  a  level  with  or 
below  the  Bed  Sea  and  the  Mediterranean.  But  the  American  Isthmus  is  for  a  long  extent  a  ridge 
of  the  Cordillera.  To  cross  Suez  is  to  pass  elevations  scarcely  above  50  feet.  To  cross  our  Isthmus 
is  to  encounter,  if  in  Tehuantepec,  the  lowest  elevation  on  a  practicable  line  of  transit,  754  feet;  if 
in  Honduras,  elevations  from  2,000  to  3,000  feet ;  if  in  Panama,  the  lowest  summit  level,  287  feet 
above  the  mean  tide  level  of  the  Atlantic. 

The  American  Isthmus  exhibits  a  character  more  marked  than  any  other  on  the  globe.  It 
presents  the  distinctive  points  of  a  narrow  breadth  from  sea  to  sea,  out  of  all  proportion  to  its 
length,  with  a  wide  diversity  in  such  narrow  limits  of  physical  structure  and  climate,  and  conse- 
quently of  natural  products.  A  glance  at  the  map  will  impress  the  first  of  these  points.  Measure- 
ments on  the  Isthmus  confirm  it.  From  the  mouth  of  the  Coatzacoalcos,  where  the  Isthmus  joins 
the  expanse  of  North  America,  to  the  Gulf  of  Darien,  where  it  joins  South  America,  the  line  is 
about  1,230  miles.  Compare  with  this  the  line  across  Tehuantepec,  143  miles,  or  from  Puerto- 
Caballos,  in  Honduras,  to  Bay  of  Fonseca,  161  miles;  from  Aspinwall  to  Panama,  47}  miles;  the 
mean  of  these  will  give  for  the  breadth  of  the  Isthmus  but  about  one-ninth  of  its  length. 

Other  isthmuses  show  no  such  disproportion.  They  are  but  from  one-fiftieth  to  one-hundredth 
of  the  length  of  our  American  neck.  They  are  found  between  two  gulfs  or  between  a  sea  and  a  bay. 
Ours  separates  the  two  great  oceans.  It  has  been  called  an  immense  causeway,  separating  the 
seas  while  uniting  the  continents.  It  is  to  be  noted  that  the  Isthmus  of  Suez  is  but  the  center  of 
the  old  continent ;  the  American  Isthmus  is  the  center  of  the  oceans.  The  opening  of  navigation 
through  Suez  gives  a  short  route  inland  for  Western  Europe  to  the  east  of  the  old  continent;  but 
open  a  neutralized  strait  across  Central  America,  and  we  open  one-half  of  the  globe  to  the  other. 

The  general  trend  of  the  coast  line  is  from  west-northwest  to  east-southeast,  presenting  on 
the  Atlantic  side  two  marked  projections — one,  the  peninsula  of  Yucatan,  which,  with  Florida  and 
Cuba,  incloses  the  Mexican  Gulf;  the  other,  curving  in  an  extended  semicircle,  is  the  country  of 
the  States  of  the  Central  Confederation. 

<<  Central  America,"  says  Squier,  <<  in  respect  of  geographical  position  almost  realizes  the  ancient 
idea  of  the  center  of  the  world."  She  joins  the  two  coDtinents  and  opens  her  ports  on  both  oceans. 
Bathed  on  the  one  side  by  the  Gulf,  on  the  other  by  the  Pacific,  and  binding  herself  on  the 

•  From  MSS.  of  Professor  Noarse. 
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north  by  Tehuautepec  to  the  Mexican  plateau,  and  on  the  south  by  Darien  to  the  highlands  of 
New  Oranada,  she  seems  destined  to  concentrate  the  world's  interests.  For,  besides  her  favored 
geographical  position  within  a  few  hundred  square  leagues,  she  has  every  climate  and  natural 
product.  She  is  not,  then,  like  Suez,  nature's  waste,  incapable  of  colonization,  but  inviting  it,  and 
ottering  supplies  for  sustenance  and  the  construction  of  public  works.* 

Within  the  ten  degrees  of  latitude,  8^  to  18o  north  latitude,  from  Panama  to  Tehuantepec,  with 
the  exception  of  a  few  irregularities,  a  nearly  right  line  is  maintained  on  the  coast  from  east  35^ 
on  the  south  to  west  35^  north,  between  80^  and  95^  of  west  longitude,  especiallyon  the  Pacific 
side.  This  coast  may,  indeed,  be  considered  as  made  up  of  two  nearly  right  lines,  intersecting  at 
the  Gulf  of  Fonseca,  the  first  line  running  northeast  and  forming  the  coasts  of  Costa  Rica  and 
Nicaragua,  the  second  inclining  somewhat  from  the  first  and  running  west  20^  north  along  Sal- 
vador and  Guatemala.  Indentations  are  found  on  the  first  of  these  lines ;  on  the  second  the  coast 
line  has  an  almost  monotonous  regularity. 

The  Atlantic  c«ast  is  more  broken.  It  shows  three  successive  indentations,  including  between 
them  corresponding  projections,  which  result  from  the  general  relief  of  the  country;  for  close  atten- 
tion here  shows  that  the  birth,  if  we  may  so  say,  of  these  was  coeval  with  those  mountain  peaks 
that  shoot  up  from  the  sharp  ridge  which  marks  out  the  backbone  of  Central  America. 

This  region  difiers  from  Mexico  in  its  elevations.  It  is  not  an  immense  plateau,  elevated  from 
6,000  to  7,000  feet  above  the  sealevel. 

The  great  mountain  chain  of  the  Isthmus  intersects  this  section  in  a  direction  more  or  less  par- 
allel with  its  northwest  coast,  closer  to  the  Pacific  than  to  the  Atlantic,  to  which,  however,  also  its 
l:iTeral  ranges  approach.  Some  of  the  i)rominent  peaks  rise  nearly  to  14,000  feet,  and  there  are  a 
number  of  volcanic  cones,  mostly  inactive.  Not  one  of  these  is  in  the  interior  nor  contiguous  to  the 
Atlantic, 

The  orology  of  Nicaragua  differs  from  that  of  all  the  rest  of  the  Isthmus  in  its  having  two  nearly 
parallel  mountain  ranges  running  at  a  considerable  angle  from  the  coast  line,  and  discharging  their 
streams  into  the  great  reservoir.  Lake  Nicaragua. 

Branches  from  the  main  ridge  diverge  in  so  m<any  directions  that  an  incessant  alternation  of 
mountain  and  valley  is  found.  The  temperature  is  thus  greatly  modifie<1,  causing  such  variety  of 
climate  that,  in  the  language  of  the  inliJibitants,  the  distinction  of  '^cold,''  "hot,"  or  "temperate" 
is  applied  to  districts  borderiug  close  upon  each  other.  It  is  not  uncommon  to  pass  through  each 
of  these  modifications  in  a  distance  of  ten  leagues. 

The  Prussian  geographer  Berghaus,  in  a  memoir  published  in  1838,  divides  the  mountains  of 
Central  America  into  three  systems — the  groups  of  Costa  Eica,  of  Nicaragua  and  Honduras,  and 
of  Guatemala.  The  first  of  these  is  separated  from  the  second  by  the  great  transversal  valley  from 
sea  to  sea,  within  which  is  Lake  Nicaragua;  the  second  is  separated  from  the  third  by  the  Leanura 
de  Comaygua,  in  a  direction  northeast  to  southeast,  a  fact  conjectured  by  Humboldt  in  1825,  and 
verified  by  Don  Galindo  ten  years  later.  The  third  group  is  that  of  Guatemala,  filling  the  whole 
western  part  of  Central  America  and  the  eastern  States  of  Mexico. 

The  volcanic  character  of  some  of  these  systems  is  very  marke<l.  In  a  paper  read  before  the 
American  Association  for  the  Advancement  of  Science,  in  1850,  by  our  former  charge  in  these 
countries,  Mr.  B.  G.  Squier,  he  says : 

"No  equal  extent  of  America,  perhaps  of  the  globe,  possesses  so  many  active  volcanoes  or 
exhibits  so  many  traces  of  volcanic  action  as  the  region  between  Panama  and  Tehuantepec.  They 
are  all  on  the  Pacific  coast.  The  eastern  slope,  consisting  of  broken  mountain  ranges,  exhibits 
few  traces  of  volcanic  action.  Only  ten  or  twelve  give  signs  of  life,  although  the  plain  itself  is 
traversed  by  a  succession  of  cones,  from  the  gigantic  Momotombi  to  the  memorable  Ooseguiria. 
In  natural  connection,  earthquakes  have  not  been  infrequent.  They  occur  more  violently  at  the 
change  of  the  tropical  seasons,  the  'wet'  and  the  ^dry.'  ^ 

Mr.  Squier  gave  his  opinion  at  the  close  of  his  paper  that  the  general  effect  of  volcanoes  had 

"For  details  in  proof,  see  Squier's  Central  America  ;  Traut wine's,  Childs*,  and  Micbler^s  Reports,  and  Shufeldt's, 
Selfridge's,  and  LulPs  Reports  of  recent  Government  surveys.  See  also  a  pamptilet  published  in  1874  by  Hon.  Mr. 
Benard,  minister  resident  for  Nicaragua. 
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been  much  overrated ;  that  their  permanent  influence  was  comparatively  local ;  and  that  on  their 
line  throughout  Nicaragua  volcanic  force  had  probably  exhausted  itself.  From  the  general  features 
of  the  country,  it  is  evident  that  no  material  change  has  taken  place  in  the  lakes  or  their  plain  for 
centuries.  "  The  objection  raised  against  a  ship-canal  from  this  source  was  entitled  to  no  serious 
consideration." 

As  regards  the  rivers  of  this  region,  it  may  not  be  amiss  to  be  reminded — 

1st.  Thal^the  narrowness  of  the  Isthmus  forbids,  in  most  sections,  the  existence  of  a  transverse 
stream  of  much  length. 

2d.  That  all  tropical  streams  present  the  greatest  differences'  in  volume  according  to  the  season. 
Those  which  in  the  month,  say,  of  February  may  be  crossed  without  water  to  the  knees  of  a  horse 
are  massive  floods  in  September.  From  the  earliest  days  of  the  adventurous  buccaneers,  the 
explorer  has  fled  for  his  life  by  a  change  in  the  river's  volume  as  rapid  as  unexpected. 

The  word  "river,"  therefore,  has  in  many  c<ases  no  fixed  idea  here,  as  it  has  in  extra- tropical 
zones.  Mere  ravines,  quebradas  in  the  dry  season,  are  apparent  "rivers"  in*the  wet.  For  a  line 
of  1,400  miles  the  number  of  permanent  streams  is  small. 

AREA  AND   POPULATION   OF  THE  AMERICAN   ISTHIVIUS — TEHUANTEPEC  TO  THE  ATRATO. 

The  figures  for  area  and  population  in  regard  to  the  countries  making  up  this  Isthmus  must 
be  given  only  as  estimates.  From  their  unsettled  political  state  and  other  causes,  no  reliable  surveys 
have  been  reported  of  such  character  as  those  in  the  other  countries  of  North  America.  And  as 
regards  the  taking  of  a  census  in  any  one  of  these  districts,  it  has  been  so  far  found  to  l>e  wholly 
impracticable,  a  large  part  of  the  population  being  Indians,  and  a  large  portion  of  the  mixed 
races  and  whites  being  known  to  flee  always  from  their  homes  at  the  merest  idea  of  a  census- 
taking,  through  fear  oi  its  being  the  basis  of  taxation  or  of  a  military  conscription.  The  following 
estimates  are  made  to  date  of  1874 : 


Isthmus  of  Tebuantepcc 


Central  America : 

Honduras 

British  Belize. 

Costa  Rica 

Ouatemala.... 

Nicaragua 

SanSalyador.. 


Area. 


Square  mUeg. 
10,000 


Population. 


r>o,  000 


50.000 

400,000 

13,500 

24, 000 

22,000 

167,000 

40,000 

1,180,000 

58,000 

400,000 

10,000 

600,000 

193,500 


2,  771,  000 


Panama* 

Total  estimated 


29,756 


175,000 


2n9,  250  2,  996, 000 


*  Including  Chiriqui,  Voraguos,  Sec. 


RECAPITULATION  OF  CHARACTERISTICS  OF  THE   GREAT  ISTHMUS. 

I.  The  contour  of  the  section  from  Tehuantepec  to  the  Atrato  presents  an  extent  of  1,230  miles, 
with  a  narrowness  so  extreme  as  to  force,  at  first  sight,  the  belief  that  an  easy  crossing  must  be 
practicable  for  commerce.  The  breadth  reduces  itself  to  40  and  even  30  miles  between  the  waters. 
The  seeming  intention  of  nature  has  been  so  to  connect  the  two  Americas  that  the  energy  and 
enterprise  of  man  shall  remove  the  barriers  between  the  mighty  waters. 

II.  The  geographical  position  of  this  section  is  such  as  to  secure  every  variety  in  the  products 
of  the  warm  zone,  while  its  elevated  though  broken  mountain  ranges  add  the  climates  and  products 
of  each  of  the  other  zones.  Its  geographical  position,  further,  has  in  it  everything  desirable  for 
securing  a  commanding  commercial  position  and  rule.    It  is  as  true  to-day  as  when  written  by  Pater- 
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son,  nearly  two  centuries  ago,  tbat  "  this  door  of  the  seas,  and  key  of  the  universe,  with  anything 
of  a  reasonable  mauageuient,  will  enable  it«  proprietors  to  give  laws  to  both  oceans  and  become 
arbitrators  of  the  commercial  world." 

III.  The  physical  character  of  this  section  in  regard  to  the  arrangement  of  its  mountain 
ranges  is  as  marked  as  it  is  in  regard  to  their  volcanic  cones  or  in  regard  to  its  earthquakes,  and 
still  more  remarkable  as  regards  the  indentation  of  its  coasts  and  the  character  of  their  harbors 
on  each  side  of  lines  where  the  intervening  elevation  is  more  or  less  favorable  for  interoceanic 
communication — 

In  illustration  of  this  peculiar  orography  in  itself,  and  in  its  relation  to  the  coast  indentations 
and  harbors,  let  it  be  considered — 

(1)  That  the  Isthmus  of  Tehuantepec  offers  a  comparative  plain  or  table  land  of  moderate 
elevation,  the  highest  on  a  feasible  line  being  but  754  feet — Tarifa.  But,  to  say  nothing  of  the 
openness  of  this  very  depression  in  the  hills  to  the  violent  north  winds,  often  for  many  days,  there 
is  no  satisfactory  evidence  of  finding  or  of  establishing  approaches  to  or  safety  in  secure  harbors 
inviting  commerce. 

(2)  That  in  the  section  next  to  be  considered  southward,  where  the  greatest  depression  and 
most  favorable  water  supply  exist — Nicaragua — the  coast  lines  present  inferior  harbors. 

(3)  The  direction  of  the  mountain  ranges  continues  throughout  nearly  the  whole  of  the  Isthmus 
to  be  in  a  line  parallel  with  the  coast  line,  changing,  however,  in  the  southern  section  from  a  near- 
ness to  the  Pacific  shore,  as  in  Nicaragua  and  San  Salvador,  to  a  nearness  to  the  Atlantic  through- 
out Darien.  A  glance  at  the  physical  map  of  the  last-named  section,  bringing  before  the  eye  such 
river  courses  as  those  of  the  Bayano,  the  Savana,  Tuyra,  and  Chucunaqua,  seems  to  force  upon 
eveiy  one,  by  their  volume  and  by  their  extent  westwardly  across  this  narrow  30-mile  intervene,  that 
a  pass  must  be  discoverable.  But  the  Cordillera  arrests  the  surveyor's  hopes  almost  at  the  outset 
of  his  journey  from  the  lower  courses  of  these  streams. 

The  general  impression,  therefore,  upon  which  one  is  forced  back,  in  regard  to  the  whole 
Isthmus,  is  this,  that  a  great  depression  in  the  Cordillera  on  this  narrow  neck  has  a  corresponding 
delta  and  shoal  shore  in  place  of  harbor  on  the  coast ;  and  that  where  depth  of  anchorage  within 
shelter  is  found,  it  is  a  depth  born,  as  one  might  say,  out  of  the  upheavings  of  the  Cordillera 
which  intervenes  to  frown  on  man's  mightiest  efforts  for  free  crossing  between  the  seas. 

Yet  the  geographical  position  of  the  Isthmus  in  its  relation  to  interoceanic  communication  is 
so  marked  that  the  world  has  unceasingly  demanded  the  fullest  exi)lorations  of  the  regions  in 
question,  especially  that  of  Diirien,  known  for  so  long  a  time  under  the  Spanish  designation  "  Bl 
Istmo,"  and  practically  hidden  from  anything  like  even  exploration  until  the  middle  of  the  present 
century. 


V-, 


C  H  AFTER  VI. 

Darien  and  tub  Valley  of  the  Atrato— Physical  Features,  peculiar  Orography,  Animal  Life,  Inhabitants. 

THE  ISTHMUS  OF  DARIEN  AND  THE  VALLEY  OF  THE  ATEATO. 

Darien,  geographically  considered,  is  a  province  of  the  State  of  Panama.  Its  Atlantic  coast 
line  is  included  between  Point  San  Bias  and  Cape  Tiburon ;  that  of  the  Pacific  from  the  mouth  of  the 
Bayano  to  Point  Ardita.  The  eastern  boundary'  is  determined  by  the  main  Cordillera  in  its  sweep 
across  the  Isthmus  from  a  position  of  close  proximity  to  the  Pacific,  near  Point  Aidita,  to  a  similar 
position  near  Tiburon,  on  the  Atlantic.  The  valleys  of  the  Mandinga  and  Mamoni-Bayano  deter- 
mine its  western  limit. 

In  the  province  of  Choco,  State  of  Cauca,  immediately  adjoining  Darien,  lies  the  valley  of  the 
Atrato.  Its  proximity  to  Darien,  and  sharing  with  that  province  some  part  of  several  lines  of 
exploration,  has  caused  it  to  be  referred  to  as  on  the  Isthmus  of  Darien,  but,  geographically  con- 
sidered, both  physically  and  politically,  it  is  not,  as  the  Isthmus  terminates  at  the  Gulf  of  Darien, 
and  the  valley  of  the  Atrato  exists  as  a  part  of  the  South  American  continent. 

A  glance  at  the  map  will  convey  a  clearer  idea  of  the  configuration  of  the  coast  lines  of  Darien 
than  a  description  wou'd,  and  will  serve  to  hhow  the  highly  attractive  feature  which  this  district 
possesses  in  its  excellent  harbors ;  a  feature  which  it  almost  monopolizes,  as  there  is  no  other  portion 
of  the  American  Isthmus  so  well  provided  forin  this  respect,  and  its  wealth  of  terminal  points  makes 
the  poverty  of  favorable  internal  features  still  more  aggravating. 

Continuing  a  study  of  the  maps  to  gain  a  knowledge  of  the  piincipal  topographical  features, 
it  will  be  seen  that  the  country  is  essentially  one  of  rivers,  and  while  they  appear  in  great  numbers, 
there  are  but  few  which  have  great  length,  the  principal  of  these  being  the  Atrato,  Chucunaqua, 
and  Tuyra. 

The  presence  of  so  many  watercourses — and  if  all  that  exiv^t  were  accurately  represented  on 
a  map  of  large  scale,  a  complicated  network  would  appear — will  suggest  extraordinary  conditions 
of  climate  and  marked  orological  features.  From  the  narrowness  of  all  valleys,  and  from  the  short 
distance  between  headwaters,  it  can  be  inferred  that  the  ridges  which  lie  between  them,  if  they 
have  height,  must  be  very  steep.  That  they  haA^e  height  can  be  inferred  from  the  evidences  of 
excessive  rains  in  the  multitude  of  streams,  and  that  this  immense  rainfall,  acting  forages,  certainly 
caused  deep  erosion.  Falling  upon  steep  escarpments,  heavy  rains  would  find  the  most  favorable 
conditions  for  carrying  on  the  leveling  process,  and  these  ridges  would  not  appear  if  they  had  not 
been  protected  in  some  manner.  This  protection  is  furnished  by  a  dense  forest,  which  not  only 
bieaks  the  fall  of  the  rain,  but  through  the  infinite  interlacings  of  the  roots  of  its  trees  and  under- 
growth  the  surface  soil  is  held  quite  firmly  in  place,  and  is  thus  enabled  to  resist  in  a  measure  the 
erosive  action  of  falling  water. 

The  energy  displayed  by  these  heavy  rains  in  carrying  on  the  work  of  denudation  would,  if 
acting  uninterruptedly,  prevent  the  formation  of  the  forest,  which  now  tends  to  diminish  their 
power,  and  therefore  it  must  have  found  in  an  abatement  of  such  an  active  opposition  the  means 
of  development.  The  existence  of  these  two  antagonistic  forces,  although  each  in  a  measure  favors 
the  other,  will  be  found  to  depend  upon  the  same  cause — the  movements  of  the  Atlantic  trade 
winds. 

In  the  equatorial  region,  where  the  northeast  and  southeast  trades  approach  each  other,  there 

is  a  confiict  of  winds,  resulting  in  a  belt  of  calms.    The  air  of  this  belt  having  its  temperature 

raised,  and  being  pressed  on  each  side  by  the  whole  force  of  the  opposing  trade  winds,  is  forced  to 

ascend.    The  trades  pour  their  moisture-laden  air  into  this  current,  which,  as  it  ascends,  expands 

36 
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and  becomes  cooler;  condensation  then  takes  place  and  precipitation  follows.    This  action  being 
constant,  we  find  this  region  to  be  one  of  incessant  rains. 

The  trade  winds,  depending  upon  the  sun,  are  influenced  by  its  roovements  in  declination,  so 
that  the  whole  trade-wind  system  travels  a  certain  distance  north  and  back  again  south  every  year. 
The  zone  of  calms,  which  in  itself  varies  from  5^  to  7°  in  width,  thus  travels  through  17°  of  lati- 
tude, coming  as  far  north  in  summer  as  12°  or  higher,  and  in  the  winter  receding  to  5°  south  of  the 
equator.  All  places  within  this  arc  come  under  its  influence  at  certain  periods  of  the  year,  and,  as 
a  result,  we  have  the  well-marked  rainy  seasons  of  these  latitudes.  It  can  be  readily  seen  that 
localities  near  its  northern  and  southern  limit  feel  its  effects  for  a  single  period  each  year,  while 
those  occupying  a  more  central  position  on  the  arc  come  under  its  influence  as  it  passes  them  going 
north  and  again  when  returning  south,  thus  causing  two  i*ainy  and  two  dry  seasons  each  ^ar. 

Darien  comes  within  this  bi-rainy  zone,  and  has  for  its  driest  months  January,  February, 
March,  part  of  July,  August,  and  part  of  September,  the  rainy  seasons  occurring  in  April,  May, 
June,  part  of  September,  October,  and  November,  there  being,  generally  speaking,  five  dry 
and  seven  wet  months  each  year.  The  dry  seasons  are  not,  however,  entirely  free  from  rain,  but, 
when  compared  to  the  excessive  wetness  of  the  other  seasons,  they  well  deserve  the  title.  The  dry 
months  are  rendered  very  pleasant  by  the  trade  winds  which  prevail,  and  vegetation  advances 
with  wonderful  strides  under  their  favoring  influence,  but  during  the  rainy  season  there  is  little  or 
no  wind,  and,  as  a  consequence,  the  warm,  humid  atmosphere  is  stifling.  This  disagreeable  condi- 
tion is  rendered  still  worse  when,  during  intervals  between  showers,  the  sun  appears,  and  with  all 
its  tropical  power  converts  the  moisture  of  the  air  into  a  vapor,  which  may  be  seen  sluggishly  rising 
from  all  exposed  surfaces. 

Keeping  in  mind  these  climatic  conditions,  imagine  that  the  barrier  between  the  two  oceans, 
when  first  upheaved,  consisted  of  an  immense  mound  of  clay,  with  a  moderately  broad,  undulating 
surface.  The  rains  would  fill  up  all  the  depressions,  and  the  result  would  be  an  immense  number 
of  lakes,  ponds,  and  pools;  these  overflowing,  the  work  of  abrasion  commences,  and  is  carried  on 
with  an  energy  depending  upon  the  fall  and  supply  of  water.  The  most  elevated  and  deepest 
lakes  possess  these  advantages  in  the  greatest  degree,  and  consequently  the  erosive  power  of  their, 
waters,  exerted  with  more  energy  and  during  a  longer  interval,  results  in  the  deepest  abrasion, 
which  l>ecomes  the  bed  of  the  largest  river  in  that  basin.  Meanwhile,  the  waters  of  a  neighboring 
lake,  in  seeking  their  way  to  the  same  ocean,  have  determined  the  bed  of  another  river,  which  may 
follow  a  course  generally  parallel  to  that  of  the  first.  Between  them'  there  will  be  a  mound  or 
divide,  which,  acted  upon  in  the  same  way,  will  have  its  slopes  scored  out  in  shedding  its  waters 
into  the  rivers  at  its  base.  The  tributaries  thus  determined  have  in  turn  their  mound  or  divide, 
which,  obeying  the  same  influences,  has  its  slopes  scored  out  in  pouring  its  waters  into  the  tribu- 
taries, and  so  on  almost  indefinitely;  the  system  of  waterways  thus  produced  resembling  in  plan 
the  arrangement  of  veins  in  a  leaf,  the  principal  vein  representing  the  main  river  or  deepest 
depression;  its  branches  the  tributaries,  and  so  on. 

As  long  as  the  supposed  clay  mound  remained  unprotected,  the  constantly  increasing  power  of 
the  waters  from  increased  slopes,  while  scoring  out  a  deeper  bed,  would  wash  away  the  bases  of 
adjoining  slopes,  and. eventually,  in  the  descent  of  their  beds  to  the  ocean  level,  the  whole  barrier 
would  disappear.  But  at  the  end  of  the  first  rainy  season,  relieved  from  the  constant  washing 
down,  vegetation  would  advance  slowly  at  first,  and  on  the  return  of  the  rains  resist  in  a  measure 
their  denuding  effect,  but  it  would  not  be  until  many  dry  seasons  had  intervened  that  the  roots 
would  be  suflSciently  strong  and  matted  together  to  retain  the  inclosed  soil.  Its  early  development 
would  be  most  rapid  where  it  was  least  disturbed.  A  line  of  least  disturbance  would  be  determined 
by  following  along  the  mound  or  divide  the  points  of  greatest  altitude,  and  from  this  center  line 
of  strength  vegetation  would  work  downward  on  the  now  rapidly  increasing  slopes  and  eventually 
cover  them.  The  mound  thus  acted  upon,  protected  at  the  top  and  undermined  at  the  bottom, 
while  retaining  generally  its  altitude,  loses  greatly  in  bulk,  and  becomes  a  well-defined  sharp  ridge. 

Instead  of  a  clay  mound,  one  of  rock  has  been  subjected  to  these  forces,  and  in  this  case,  while 
the  work  of  erosion  was  much  slower,  it  was  largely  aided  by  the  decomposition  of  the  surface  rock, 
due  to  excessive  heat  and  moisture.  The  ultimate  result  has  been  the  formation  of  these  sharp 
ridges  as  a  prevailing  feature,  and  this  is  true  not  only  of  the  main  divide  itself,  but  of  all  the 
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ridges  which  exist  between  rivers,  their  tributaries,  the  streams  which  flow  into  these,  and  down  to 
the  little  ridge  which  di\ides  two  small  brooks.  The  crests  of  these  ridges  are  generally  only  a 
few  feet  wide,  occasionaly  broadening  out  considerably,  but  even  the  highest  of  them  may  be  fol- 
lowed for  long  distances  on  a  crest  so  narrow  as  to  be  easily  straddled. 

Taking  up  again  the  leaf  used  to  illustrate  the  plexus  of  watercourses,  a  correct  idea  of  the 
peculiar  orology  of  Darien  will  be  found  by  considering  its  parts  included  between  the  veins  as 
raised  into  such  ridges  as  have  been  described.  The  mountain  system  thus  presented  will  repre- 
sent the  main  Cordillera,  or  divide,  its  huge  branches,  the  ridges  which  shoot  out  from  these,  and 
the  spurs  from  the  latter,  which  in  turn  branch  off  into  minor  spurs. 

A  knowledge  of  this  thoroughly  connected  system  would  have  saved  the  reputations  of  many 
explorers,  but,  unfortunately  for  them,  it  was  only  acquired  during  recent  explorations  undertaken 
by  the  United  States.  This  discovery  resulted  in  much  good,  not  only  in  adding  to  the  certainty 
of  results  obtained  by  a  comprehensive  system  of  reconnaissances,  but  in  saving  the  heavily  taxed 
strength  of  the  explorer  making  them.  A  trail  along  the  crests  of  these  ridges  would  ascend  and 
descend  by  comparatively  easy  slopes,  but  if  a  bee-line  were  followed  the  greatest  exertion  would 
be  required  in  climbing  and  descending  the  steep  slopes  of  a  succession  of  these  ridges,  and  in  the 
end  the  horizontal  distance  gained  would  not  be  much  if  any  more  than  half  of  that  actually 
walked.  The  profile  of  such  a  path,  represented  by  the  serrated  edge  of  a  saw,  will  make  this 
manifest.  This  rugged  feature  exists  throughout  Darien  to  the  exclusion  of  undulating  surfa<^s, 
and  the  only  level  lands  encountered  are  those  formed  between  the  bases  of  projecting  spurs  by 
deposits  of  gravel,  clay,  and  alluviums.  Overlying  the  rock  formation  is  a  stratum  of  firm,  yellow- 
ish-red clay,  varying  in  thickness  from  a  few  feet  on  the  crests  of  ridges  to  twenty  feet  at  their 
bases.  This,  Avheu  wet,  necessitates  additional  exertion  in  traveling  over  the  steep  slopes,  as  its 
surface  becomes  very  slippery  and  its  unyielding  nature  refuses  a  good  foothold. 

Having  had  a  glimpse  of  the  surface,  as  it  would  appear  if  exposed,  it  will  now  be  regarded 
with  its  mantle  of  an  almost  impenetrable  forest,  extending  from  the  bottom  of  the  deepest  ravine 
to  the  crest  of  the  highest  ridge,  and  so  dense  that  Avithin  it  the  view  is  limited  to  a  radius  of  a 
few  feet.  Its  grandeur  offers  a  splendid  field  for  writers  possessing  the  poetic  element,  and  many 
descriptions  in  this  vein  have  been  rendered  so  elaborately  as  to  convey  the  idea  that  it  is  a  fairy 
land  instead  of  the  reverse.  The  energy  with  which  nature  works,  and  the  resulting  forms  and 
combinations,  framed  in  by  such  solitude,  are  sure  to  atti-act  attention  from  even  an  exhausted 
explorer,  but  it  is  seldom  he  can  relapse  into  the  reflective  mood,  as  the  many  distracting  annoy- 
ances comprehended  in  weary  legs,  a  perspiring  and  insect-tormented  body,  are  prone  to  develop 
the  weak  rather  than  the  poetic  side  of  his  nature,  and  it  is  always  when  far  away  from  the  scene 
of  his  travels  that  the  pent-up  emotions  are  released.  For  the  present  purpose  a  matter-of-fact 
description  will  be  better,  and,  if  competently  given,  it  would  have  the  special  advantage  of  per- 
mitting free  play  for  individual  reflections. 

Standing  within  this  forest,  the  elements  which  flrst  attract  attention,  and  which  from  their 
oppressive  nature  seem  to  outweigh  any  charms  it  may  possess,  are  its  deep  gloom,  the  motionless 
air,  its  damp,  musty,  wood-decaying  smells,  the  thick  carpet  of  vegetable  mold,  moist  and  black, 
suggesting  slimy  inhabitants,  its  tormenting  insects,  the  profound  silence,  made  manifest  by  the 
least  movement,  and,  above  all,  its  intense  solitude.  From  the  feet  upward  and  in  every  direction 
is  a  dense  mass  of  vegetation,  a  green  canopy  which  completely  shuts  out  a  view  of  the  heavens, 
tempers  the  bright  sunlight  which  falls  upon  it  with  its  own  greenness,  and  prevents  the  refreshiug , 
wind  which  blows  over  it  from  agitating  the  prison-like  air  within.  Noticing  the  surrounding 
forms,  thQ  graceful  family  of  palms,  in  its  endless  varieties,  is  conspicuous,  and  furnishes,  with  the 
myriads  of  parasites,  which  seek  existence  from  living  and  even  prostrate  trees,  the  chief  distinc- 
tive  elements  of  the  scene.  Trees  of  every  conceivable  diameter,  from  the  giant  of  twelve  feet  or 
more  to  the  stripling  of  a  few  inches,  tower  upward,  and  the  latter,  in  its  eagerness  to  reach  the 
realms  of  sunlight,  attains  a  height  out  of  all  proportion  to  its  girth.  Generally  devoid  of  branches 
except  at  the  top,  many  of  these  trees  resemble  stately  columns,  and  one,  the  bungo  or  cotton- 
wood,  giant  of  the  forest,  is  strikingly  attractive  in  this  respect.  Covered  with  an  even,  granite- 
colored  bark,  its  trunk  widens  into  quite  a  bulge  near  the  ground,  and,  returning  quickly  to  its 
original  diameter,  thence  tapers  gradually  as  it  proceeds  upwards  for  over  one  hundred  feet.    In 
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marked  contrast  to  this  simple  form,  there  occurs  a  large  tree  which  appears  as  thoagh  made  ap 
of  viDCS,  so  ribbed  is  its  surface,  and  from  its  manner  of  growing  develops  architectural  features 
which  would  entitle  it  to  be  called  the  cathedral  tree.  Proceeding  from  the  ground  like  so  many 
individual  trees  are  a  large  number  of  trunks,  which,  by  curving  more  or  less  abruptly,  converge 
to  a  point  overhead,  from  which  springs  the  main  body  of  the  tree.  It  is  thus  supported  by  a 
number  of  arches,  through  some  of  which  a  wagon-load  of  hay  could  pass  easily,  and  in  form  many 
of  them  are  quite  perfect,  while  the  architectural  effect  is  heightened  by  the  fanciful  traceries 
resulting  from  the  appearance  of  the  deeply  ribbed  surfaces.  Looking  in  another  direction,  trees 
of  various  size^  appear  supported  at  their  bases  by  board-like  roots  or  buttresses  which  in  the 
largest  trees  may  extend  from  Jtjwenty  feet  above  the  base  to  a  greater  distance  from  it  on  the 
ground,  thus  forming  around  them  large  triangular  stalls. 

The  very  noticeable  feature  of  a  general  absence  of  branches,  except  near  the  tree-tops,  is 
more  than  made  up  for  in  the  immense  number  of  vines,  varying  in  size  from  that  of  a  piece  of 
cord  to  the  mammoth  of  many  inches  in  diameter,  which  display  themselves  in  every  direction. 
They  travel  everywhere  and  in  every  conceivable  way  5  they  run  along  the  ground,  climb  straight 
up  the  side  of  a  tree,  or  twist  around  it,  and  sometimes  with  sufficient  force  to  imbed  themselves. 
Eeaching  the  branches,  they  work  out  and  drop  down  in  loops  of  a  hundred  feet  or  more;  they 
struggle  with  and  entwine  each  other  until  a  large  cable  is  formed ;  they  work  unceasingly,  and, 
aided  by  numerous  other  parasites,  destroy  the  victim  to  which  they  cling. 

To  move  forward  from  this  post  of  observation,  a  way  must  be  cut  through  the  jungle.  Prog- 
ress is  slow  and  the  ordinary  exertion  of  walking  causes  profuse  perspiration  5  attention  is  con- 
tinually called  to  the  safeguards  against  parasites  and  animals  with  which  certain  plantstind  trees 
are  provided,  and  is  generally  attracted  by  the  pain  which  these  nettles,  spines,  and  tborns  cause 
when  unconsciously  run  against;  a  dense  mass  of  cactus,  growing  eight  or  ten  feet  high,  in  clumps 
of  grass-like  blades,  with  strong,  sharp  thorns  along  their  edges,  is  now  encountered,  and  the  diffi- 
culty of  cutting  through  it  may  be  increased  occasionally  by  disturbing  a  wasp's  nest;  passing  this, 
the  path  may  come  upon  a  mass  of  matted  vines  so  high  and  so  thick  as  to  defy  cutting.  All  this 
while  it  has  been  necess^y  to  climb  over  or  crawl  under,  according  to  position  and  size,  the  many 
prostrate  trees,  and  in  doing  this  it  is  observed  that  a  puncture  like  that  of  a  red-hot  needle  is  the 
common  form  of  introduction  to  different  varieties  of  insect  life.  The  ])ath  now  follows  one  of  the 
spurs,  and  the  exertion  of  climbing  up  its  steep  slope  tells  heavily ;  the  warm,  humid,  motionless 
air  seems  of  no  use  to  the  gasping  mortal ;  bathed  in  perspiration,  with  a  heart  pulsating  like  a 
trip-hammer,  with  weak  knees  and  lead-like  feet,  the  top  is  reached.  Then,  as  in  the  ravine  below, 
all  vision  is  limited  to  the  few  surrounding  trees,  and  although  the  crest  may  be  so  narrow  that  a 
single  tree  occupies  its  whole  width,  no  vista  can  be  obtained.  Continuing  on,  the  descent  is  be- 
gun, and  now  the  body  is  subjected  to  a  jarring,  racking  process  which  seems  to  be  all  that  is 
needed  to  utterly  demolish  the  almost  used-up  human  machinery-.  Emerging  from  the  forest  seems 
like  coming  from  a  dungeon  of  torture,  and  the  by  no  means  bright  light  of  the  closed-in  river 
seems  dazzling. 

Of  the  species  of  animal  life  which  here  abound,  the  higher  forms,  contrary  to  what  would 
generally  be  expected,  are  few  as  regards  varieties,  and  comparatively  so  as  regards  numbers. 
The  gloomy  surroundings  of  the  forest,  aided  by  preconceived  ideas  of  the  number  and  ferocity  of 
its  wild  animals,  would  naturally  tend  to  some  uneasiness,  but  if  all  the  other  forms  of  life  inter- 
fered with  the  explorer  as  little  as  these  higher  forms,  existence  then  would  be  rendered  much 
more  endurable.  The  jaguar,  or  tiger  of  the  natives,  while  frequently  seen,  has  rarely  been  known 
to  act  on  the  offensive.  Monkeys  and  peccaries  rank  first  in  point  of  numbers,  and  upon  them  the 
hunter  depends  largely  for  his  meat  supply.  The  tapir  also  adds  to  this  store,  but  not  to  any  ex- 
tent, as  it  is  rarely  encountered.  Of  the  feathered  tribes,  the  family  of  parrots  is  the  most  numer- 
ous. A  few  wild  turkeys,  partridges,  and  ducks  are  to  be  seen,  but  all  game  is  quite  secure  in  the 
high  tree-tops,  and  if  brought  down  by  a  lucky  shot,  the  difficulty  of  recovering  itfrom  the  jungle 
still  remains.  Beptile  life,  as  would  naturally  be  supposed,  is  very  abundant,  and  many  of  the 
snakes  are  venomous. 

All  the  indifference  to  man's  presence  on  the  part  of  the  higher  forms  of  life  is  more  than  com- 
pensated for  by  the  unremitting  attention  of  the  insects.    Abounding  in  marvelous  numbers  and 
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sarprisiug  variety,  from  the  microscopic  yavis,  which  peuetrates  the  skin  and  produces  troublesome 
itching,  to  the  giant  tarantula,  there  seem  to  be  a  complete  assortment  of  varieties,  each  of  which 
pursues  some  specialty  in  the  art  of  torture,  and  has  its  own  time  and  field  for  operations.  The 
result  of  this  incessant  attack,  night  and  day,  moving  or  resting,  may  fittingly  be  called  agony. 

INHABITANTS. 

With  such  an. environment  it  seems  strange  that  any  branch  of  the  human  family  could  suc- 
cessfully contend,  yet  such  is  the  case,  and  even  Darien  has  its  sons  who  love  their  native  land, 
and  can  even  boast  of  heroes  who  have  successfully  defended  it. 

Our  historical  knowledge  of  the  Darien  Indians  is  very  limited,  and  of  their  language  and  cus- 
toms comparatively  little  is  known.  Having  a  traditional  distrust  of  the  white  man,  particularly 
of  the  Spaniard,  they  maintain  a  policy  of  non-intercourse,  and,  whenever  it  is  within  their  power, 
exclude  all  strangers  from  their  territory.  When  this  is  impossible,  owing  to  inferiority  in  numbers 
or  weapons,  they  desert  their  villages  and  retire  to  localities  where  they  and  their  families  are  be- 
yond the  reach  of  the  intruders.  This  practice  of  hiding  away  the  women  and  children  is  invariably 
followed,  even  if  they  have  assurance  that  no  conquest  is  contemplated.  Their  traditions,  in 
recounting  the  deceptions  and  cruelties  practiced  by  the  conquerors  of  the  New  World  upon  the 
tribes  which  came  under  their  power,  teach  them  to  place  a  low  value  upon  the  character  of  the 
white  race,  and  in  this  view  they  are  certainly  justified  when  the  barbarities  of  the  Conquistadores 
are  recalled.  Referring  to  these  excesses,  Irving  says:  "  Our  admiration  of  the  dauntless  heroisei 
displayed  by  the  early  Spanish  navigjitors,  in  their  extraordinary  career,  is  much  qualified  by  a 
consideration  of  the  cruelties  with  which  it  was  tarnished,  too  great  to  bo  either  palliated  or  passed 
over  in  silence  by  the  historian.  As  long  as  Isabella  lived,  the  Indians  found  an  efficient  friend 
and  protector ;  but  *  her  death,'  says  the  venerable  Las  Casas,  ^  was  the  signal  for  their  destruction.' 
Immediatel^F  on  that  event,  the  system  of  repartimientosj  originally  authorized,  as  we  have  seen,  by 
Coldfmbus,  who  seems  to  have  no  doubt,  from  the  first,  of  the  Crown's  absolute  right  of  property 
over  the  natives,  was  carried  to  its  full  extent  in  the  colonies.  Every  Spaniard,  however  humble, 
hatl  his  i)roportion  of  slaves ;  and  men,  many  of  them  not  only  incapaole  of  estimating  the  awful 
rrsponsibility  of  the  situation,  but  without  the  least  touch  of  humanity  in  their  natures,  were  indi- 
vidually intrusted  with  the  unlimited  disposal  of  the  lives  and  destinies  of  their  fellow-creatures. 
They  abused  this  trust  in  the  grossest  manner,  tasking  the  unfortunate  Indian  far  beyond  his 
strength,  infiicting  the  most  refined  punishments  upon  the  indolent,  and  hunting  down  those  who 
resisted  or  escaped,  like  so  many  beasts  of  chase,  with  ferocious  bloodhounds.  Every  step  of  the 
white  man's  progress  in  the  New  World  may  be  said  to  have  been  on  the  corpse  of  a  native.  Faith 
is  staggered  by  the  recital  of  the  number  of  victims  immolated  in  these  fair  regions  within  a  very 
few  years  after  the  discovery,  and  the  heart  sickens  at  the  loathsome  details  of  barbarities  recorded 
by  one  who,  if  his  sympathies  have  led  him  sometimes  to  overcolor,  can  never  be  suspected  of 
willfully  misstating  facts  of  which  he  was  an  eye-witness."  • 

Possessing  traditions  filled  with  the  details  of  these  barbarities,  it  is  no  wonder  that  the  Isth- 
mus tribes  should  regard  with  a  jealous  eye  the  movements  of  all  foreigners,  and  that  they  should 
have  assumed  such  a  warlike  character  as  to  draw  forth  and  merit  the  Spanish  title  of  "  Bravos." 
It  is  not  likely  that  they  were  naturally  warlike,  but  with  such  a  serious  fate  before  them  if  they 
yielded  to  the  adventurers  in  any  degree,  it  is  easy  to  understand  their  determined  resistance,  and 
it  is  safe  to  presume  that,  with  all  their  bravery,  they  too  would  have  fallen  under  the  conquering 
arm  had  it  not  been  for  the  protection  afforded  them  by  the  rugged  nature  of  their  country. 

The  Darien,  or,  as  they  are  frequently  called,  San  Bias,  Indians  inhabit  all  of  the  Isthmus  of 
Darien  as  far  eastward  as  the  mouth  of  the  Atrato,  excepting  the  lower  portion  of  the  Bayano 
and  Tuyra  Rivers.  While  designated  under  this  general  title,  there  does  not  seem  to  be  any  evi- 
dence of  a  single  tribal  organization,  but  rather  a  number  of  tribes,  with  the  same  habits  and 


*  This  reference  is  to  Las  Casas,  who  affirms  that  more  than  12,000,000  lives  were  wantonly  destroyed  in  the 
New  World  within  thirty-eight  years  after  the  discovery,  and  this  in  addition  to  those  exterminated  in  the  conquest 
of  the  country. 
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onstoms,  living  independently  of  and  peaceably  with  each  other.  They  each  have  their  head-man, 
or  chief,  to  whom  all  pay  great  deference.  The  majority  of  these  tribes  are  located  on  the  Pacific 
slope,  on  the  tributaries  to  the  Bayano,  Chacanaqaa,  and  Tayra,  and  receive  their  distinctive 
name  from  the  valley  they  inhabit.  Thus  we  have  the  Chepos,  Mortis,  Kavigandis,  Ghucniias  or 
Ghacnnaquas,  Sucnbtis,  and  Payas.  These,  with  the  Tanelas  on  the  Atlantic  slope,  are  the  tribes 
which  have  received  the  title  of  ^'  Bravos,"  bnt  it  is  particolarly  applicable  to  the  tribes  in  the 
Valley  of  the  Chucunaqua. 

The  coast  Indians,  being  more  exposed  to  the  advances  of  foreigners,  have  come  well  nnder 
their  influence,  and  for  this  reason  they  are  distrusted  by  the  mountain  tribes,  of  whom  they  stand 
greatly  in  fear.  While  willing  to  give  any  information  in  their  power  regarding  the  interior,  and 
to  act  as  guides,  they  will  refuse  to  enter  the  territory  of  their  powerful  neighbors  with  a  stranger. 
They  are  particularly  fond  of  the  English-speaking  race  and  adopt  English  names.  This  discrimi- 
nation, also  made  by  the  Bravos,  but  not  to  the  same  extent,  is  due  to  the  resx>ect  engendered  for 
the  Buccaneers  in  their  successful  raids  upon  the  life  and  property  of  their  common  enemy,  the 
Spaniard. 

Any  statement  as  to  their  number  depends  solely  upon  guesswork,  but  it  is  probable  that 
there  are  not  less  than  seven  thousand.  They  possess  the  general  characteristics  of  the  Indian 
race,  and,  while  otherwise  well  developed,  they  are  undersized,  rarely  exceeding  five  and  a  half 
feet  in  height.  They  are  strong,  however,  and  in  their  movements  exhibit  activity  and  grace 
While  able  to  endure  great  physical  exertion,  if  necessary,  they  generally  yield  to  a  mental  weari- 
ness which  unfits  them  for  a  continued  effort. 

Their  arms,  originally  the  bow  and  arrow,  have  been  largely  supplemented  by  the  ordinary 
shot-gun  of  a  very  poor  quality.  These  and  other  articles,  such  as  cotton  cloth,  beads,  iron  pots, 
&c.,  they  receive  through  traders  who  visit  the  coast,  in  exchange  for  ivory  nuts  and  rubber. 

Their  wardrobe  is  generally  limited  to  a  clout  for  the  men,  and  a  piece  of  cotton  cloth,  falling 
from  the  hips  to  the  knees,  for  the  women.  In  displaying  gold  and  silver  ornaments  from  the  nose 
and  ears  they  exhibit  the  usual  fondness  of  the  savage,  and  also  add  to  the  adornment  necklaces 
made  up  of  beads  and  teeth  of  animals.  They  seldom  tattoo,  but  frequently  smear  their  bodies 
with  a  black  fluid.  This  blacking  process  is  not  carried  on  so  as  to  trover  the  whole  body,  but 
generally  extends  from  a  well-defined  line  at  the  height  of  the  nipples  down  to  below  the  knees. 
The  effect  produced  is  that  of  a  snugly  fitting,  seamless  undergarment. 

Of  their  forms  of  religious  belief  nothing  is  known  moi^  than  that  they  recognize  a  Supreme 
Being  and  believe  in  evil  spirits,  over  whom  their  pawawas,  or  medicine-men,  claim  to  have  control. 
Whatever  their  belief  may  be,  they  seem  to  have  a  good  code  of  morals,  as  evinced  by  their  mod- 
esty and  honesty.  They  are  certainly  treacherous  to  the  foreigner,  but  in  this  they  are  justified  by 
the  well-grounded  fear  they  have  of  him. 

The  Indians  of  the  Atrato  Valley  were  evidently  less  fortunate  than  their  Darien  neighbors 
in  escaping  the  Spaniards,  as  would  be  inferred  from  the  scattered  remnants  of  the  Oholos  now 
existing  without  any  semblance  to  a  tribal  organization.  The  immense  mineral  wealth  of  the 
Atrato  Valley  could  not  escape  the  adventurous  Spaniard,  and  it  is  likely  that  the  Oholos,  brought 
to  subjection,  added  largely  in  swelling  the  total  of  lives  crushed  out  by  their  greedy  taskmasters. 
In  their  reluctance,  at  this  day,  to  search  for  gold  or  to  give  any  information  respecting  it,  they 
exhibit  the  fear  that  the  barbarities  inflicted  upon  their  ancestors  might  be  repeated  upon  them. 

Eegarding  their  origin.  Lieutenant  Oollins,  U.  S.  K.,  says :  ^^  It  is  somewhat  uncertain  which 
of  the  great  semi-civilized  nations  of  America  these  people  have  descended  from.  They  are  thought 
by  some  to  possess  many  characteristics  indicating  a  relationship  with  the  Aztecs  or  Toltecs. 
Their  nearest  neighbors  must  have  been  the  powerful  Ohibchas  or  Muiscas,  and  if  the  boundaries 
of  the  territory  of  that  nation  are  correctly  given  by  Acosta,  it  must  have  included  the  headwaters 
of  the  Atrato }  and  if  it  be  true  that  the  name  ^  Ghibcha'  was  given  by  the  Spaniards  on  account 
of  the  frequent  repetition  of  the  syllables  '  chi '  and  ^  cha,'  the  continued  recurrence  of  the  same 
syllables  in  the  language  of  the  Oholos  would  appear  to  indicate,  if  not  establish,  a  claim  to  rela- 
tionship in  that  direction.  But  there  is  nothing  in  the  appearance  or  condition  of  the  Indians  of 
the  present  day  to  indicate  a  descent  from  powerful  and  cultivated  ancestors,  however  remote." 
H.  Ex.  107. 
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The  x>ossible  relationship  indicated  receives  additional  support  from  Dr.  Seeman,*  who  states 
that  the  wide  range  of  country  over  which  the  Oholos  are  diffused  (from  2P  north  to  8^  3(K  north) 
"  explains  an  historical  puzzle."  •  •  •  « When  reading  of  the  discovery  of  Peru,  how  the 
Spaniards  gradually  pushed  southwards  along  the  shores  of  America,  everywhere  inquiring  after 
the  empke  of  the  Incas,  and  even  obtaining  intbrmation  of  the  city  of  Guzco,  we  are  at  a  loss  to 
explain  how  the  discoverers  could  understand  the  stories  related  to  them,  how  the  parties  could 
make  themselves  intelligible.  Even  the  best  historians  have  not  explained  this  puzzle.  But  the 
fact  that  the  same  language  is  spoken  from  San  Miguel  to  the  northern  boundaries  of  Ecuador, 
where  the  Ouichua  commences,  and  that  it  was  familiar  to  the  Spaniards  before  starting  on  their 
exx>edition,  renders  the  proceeding  intelligible.'' 

Of  this  once  numerous  tribe  there  remain  but  few  representatives,  and  these  are  found  scat- 
tered over  a  large  extent  of  country,  each  family  living  by  itself.  They  bear  evidence  of  being  a 
completely  subdued  race,  and  in  yielding  to  the  negroes  as  superiors  show  how  complete  this  sub- 
mission is.  In  disposition  they  are  timid,  and  not  given  to  quarreling,  except  when  under  the  influ- 
ence of  liquor,  and  even  then  do  not  go  to  excesses.  They  are  kind,  hospitable,  and  faithful.  Their 
honesty  is  quite  phenomenal.  The  property  of  a  stranger  needs  no  safeguards,  and  might  remain 
exposed  for  an  indeflnite  period  and  not  a  single  article  wonld  sufifer  displacement. 

Of  their  religious  belief  hardly  anything  is  known.  <^  They  are  so  averse  to  communicate  on 
the  subject  of  religion,"  says  Lieutenant  OoUins,  '^  that  I  found  it  impossible  to  draw  from  them 
directly  anything  relating  to  it.  I  learned,  however,  the  following  particulars  from  a  very  intelli- 
gent young  negro,  who  had  been  much  among  them  and  was  acquainted  with  their  language.  K 
his  account  of  their  daily  anticipation  of  the  arrival  of  a  god  to  set  up  a  kingdom  on  earth  is  cor- 
rect, the  fact  is  certainly  a  most  curious  one.  According  to  his  account,  the  Indians  worship  a  god 
whom  they  call  Jay  (pronounced  ha-ee),  and  whom  they  represent  by  a  rude  figure  of  an  animal.  I 
have  seen  them  wearing  these  in  their  hair,  but  was  unable  to  make  out  what  animal  they  were 
intended  to  represent.  Their  priests  they  call  Jaybanas.  They  have  no  stated  season  for  holding 
religious  services,  but  generally  hold  them  on  the  serious  illness  of  any  one,  or  such  special  occa- 
sions. These  services  are  always  held  after  nightfall  and  without  lights.  The  jaybana  recites  in  a 
monotonous  chant  certain  legends,  and  the  people  listen  in  silence.  Women  are  admitted  to  the 
priesthood,  and  young  boys  and  girls  are  kept  in  training,  learning  the  legends.  They  expect 
daily  a  god  inferior  in  power  and  dignity  to  the  great  Jay,  who  is  coming  to  establish  a  kingdom 
on  earth." 

A  large  portion  of  the  Isthmian  population  is  made  up  of  negroes,  descendants  from  African 
slaves  employed  by  Spain  in  her  colonies  as  early  as  1501 .  This  slavery  existed  in  New  Oranada 
until  the  year  of  independence,  1821,  from  which  date  a  gradual  emancipation  took  place,  and  in 
1850  the  Oovernment  redeemed  all  slaves  not  yet  free. 

The  negroes  of  the  Isthmus  are  to  be  found  chiefly  along  the  banks  of  the  Atrato,  near  the 
mouths  of  its  tributaries,  and  along  the  banks  of  the  rivers  which  enter  the  Oulf  of  San  Miguel. 
They  are  tall,  well-formed,  and  very  strong,  the  muscular  development  in  many  cases  being  mar- 
velous. They  can  carry  very  heavy  loads  on  their  backs  for  long  distances  over  rugged  mountain 
trails,  and,  when  necessary,  can  accompilsh  a  great  deal  in  the  way  of  endurance,  but  soon  weary  of 
continued  work,  even  of  a  light  character.  They  make  good  woodsmen  and  fair  hunters.  In  the  hand- 
ling of  their  canoes  they  are  very  expert,  and  from  the  use  of  the  long  pole,  which  is  needed  to  guide 
and  propel  the  canoe  through  the  shoals  and  rapids  of  a  river,  they  acquire  a  movement  of  body 
which  is  characterized  by  ease  and  grace.  In  dress  they  conform  generally  to  the  Indian  fashion, 
but  frequently  appear  clad  in  one  or  more  garments  which  are  general  in  more  civilized  communi- 
ties, and  it  is  only  then  that  they  seem  to  be  undressed.  For  subsistence  fish  and  plantains  form 
the  staples,  to  which  they  add  rice  when  well  enough  off  to  buy  it.  To  procure  money  for  such  lux- 
uries as  rice,  salt,  cotton  cloth,  guns,  ammunition,  and  rum,  journeys  are  made  to  the  mountains, 
where  rubber  is  collected.  When  a  sufficient  supply  has  been  secured,  they  return  to  the  hamlet 
and  have  its  storekeeper,  banker,  &c.,  generally  a  white  man,  place  its  value  to  their  credit.    In 

*  Voyage  of  H.  M.  8.  Herald,  Dr.  Seeman. 


DfTEEOOEAFIO  COMMUNICATION  BY  WAY  OF  AMEEICAN  ISTHMUS.       43 

doing  this  the  patron,  as  he  is  called,  takes  care  to  keep  them  on  the  debtor  side  of  his  ledger,  and 
thus  retain  his  power  over  them.  This  system  keeps  them  always  in  debt  and  makes  them  Tirta- 
ally  his  slaves,  and  while  calling  themselves  his  peones,  or  laborers,  they  regard  highly  their  title 
of  Libres. 

Their  moral  character  is  generally  good,  and  they,  in  common  with  the  Indians,  enjoy  a  reputa- 
tion for  honesty.  This  has  often  been  proven,  and,  as  an  instance,  it  can  be  stated  that  a  Govern- 
ment officer  in  paying  certain  canoe-men  daring  one  of  the  United  States  expeditions  was  advised 
by  one  of  them  that  a  mistake  had  been  made  in  his  accoant.  The  disbursing  officer  was  qoite  pro- 
voked and  declared  that  it  was  impossible,  bat  the  peon  persisted  that  one  had  been  made,  and 
went  into  particulars,  explaining  the  circumstances  under  which  he  asked  for  and  received  two 
dollars  during  the  early  part  of  the  expedition,  and  that  the  disbursing  officer  had  evidently  failed 
to  charge  them  against  him.  This  same  officer,  with  the  funds  of  the  expedition  in  his  camp- 
chest,  mostly  silver,  traveled  for  several  weeks  through  the  country  with  no  other  companions  than 
his  two  canoe-men,  and  they  not  only  knew  that  the  chest  contained  money,  but  from  its  weight 
had  an  exaggerated  idea  of  the  amount.  When  stopping  for  the  night  at  a  hut,  the  advent  of  the 
stranger  would  attract  quite  a  crowd  of  native  visitors,  and  when  in  their  presence  one  of  the  canoe- 
men  landed  the  heavy  chest  on  the  floor  and  called  attention  to  its  being  filled  with  money,  there 
was  an  universal  exclamation  of  surprise.  Far  from  feeling  any  uneasiness,  the  officer  enjoyed  a 
sense  of  perfect  security,  not  only  as  regarded  himself  and  money,  but,  down  to  the  most  insignifi- 
cant of  his  i)ersonal  effects ;  he  knew  that  they  were  safer  there  than  if  surrounded  by  civilization 
and  the  best  system  of  burglar  alarm  and  police  telegraph. 

The  Spanish  is,  of  course,  the  language  of  the  country,  and  all  its  polite  forms  of  expression 
are  constantly  in  use  by  all  classes  in  their  intercourse  with  superiors  and  with  each  other.  A 
request  made  is  gracefully  fulfilled  with  a  '*  Con  mucho  gusto,  senor'^  ("With  much  pleasure,  sir''), 
and  "Si,  senor"  and  "No,  senor''  take  the  place  of  a  rude  "Yes''  or  "No."  It  is  true  they  are  not 
pressed  for  time,  and  are  thus  freed  from  the  necessity  of  resorting  to  briefer  forms  suited  to  the 
pace  of  busy  throngs. 

Of  time  they  take  no  more  notice  than  that  days  come  and  go;  as  to  its  other  intervals  their 
ideas  are  very  crude,  and  the  same  estimate  may  be  placed  upon  their  conception  of  distances. 
Any  information  given  by  them  regarding  these  elements  of  a  journey  is  invariably  wrong,  and 
better  results  would  be  obtained  by  taking  the  average  of  a  number  of  wild  estimates  made  by 
one's  self. 

The  proverbial  slowness  of  the  Spanish  American  attains  its  fullest  development  in  this  region, 
and,  in  consequence,  an  explorer  with  limited  time  and  much  to  perform  is  doomed  to  many  vexa- 
tions. This  characteristic  is  humorously  described  and  philosophically  considered  by  Trautewine 
in  his  "Kough  Notes  of  an  Exploration  in  the  Atrato  and  San  Juan  Valleys."  He  says:  "I  had 
supposed,  like  a  simpleton,  that  in  order  to  start  on  my  pilgrimage  nothing  more  would  be  neces- 
sary than  to  go  down  to  the  landing,  engage  a  canoe  and  two  or  three  paddlers,  tell  them  to  put 
my  traps  and  a  few  plantains  on  board,  and  be  off  at  ten  minutes'  notice.  Consequently,  early  one 
morning,  following  the  example  of  my  thermometer,  I  rose  with  the  sun,  went  to  the  landing,  and,  ac- 
costing the  owner  of  a  canoe,  bade  him  gird  up  his  loins  and  bring  his  boat  around  tx)  our  landing 
place  in  order  to  load  up  with  more  facility.  He  very  courteously  asked  me  for  a  light,  and,  after 
having  gravely  set  his  cigar  in  operation,  told  me  he  could  not  comply.  The  voyage  was  a  long 
one,  and  required  a  good  deal  of  deliberation  and  consultation  among  his  kinsfolk ;  provisions 
were  very  high  just  then ;  himself  and  his  family  were  victims  to  all  sorts  of  distressing  maladies } 
his  canoe  leaked  and  would  require  repairs ;  it  was  going  to  rain  (a  truism  at  all  times  in  Quibd6); 
and,  besides,  to-morrow  or  next  day  would  be  time  enough. 

"The  inexperienced  traveler  on  the  Spanish  Main  is  very  apt  to  be  continually  annoyed  by  the 
dilatory  habits  and  procrastinations  of  all  with  whom  he  has  business  to  transact.  This  should 
not  (as  is  usually  the  case)  be  imputed  to  them  as  a  fault,  but  rather  as  a  natural  consequence 
resulting  from  the  heat  of  the  climate  and  the  absence  of  those  incentives  to  activity  engenderea 
by  a  more  extended  commerce  or  a  general  devotion  to  agricultural  pursuits.  The  traveler  frt)m 
colder  regions  should  therefore  make  i^0xpl^  sdlowances  for  these  considerations,  and  temper  his 
impatience  down  to  the  standard  of  ixx^iivi^  which  prevails  in  all  tropical  climates.    Otherwiaei 
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he  will  be  kept  in  an  incessant  fidget  and  ill-hnmor ;  for  no  matter  how  pressing  may  be  the  occa- 
sion, how  solemn  the  promises,  how  nrgent  his  importunities,  he  is  constantly  met  with  the  eternal 
*  Poco  &  poco,'  'Maiiana'  (*By  and  bye,'  ^To-morrow'),  'Take  it  coolly';  'Don't  hurry  yourself'; 
'  Don't  do  to-day  what  can  be  done  to-morrow ' ;  '  Time  comes  as  fast  as  it  goes,'  constitute  the  grand 
fundamental  axioms  of  business  operations  from  the  most  important  down  to  the  most  trifling 
Incidents  of  every  day's  occurrence.  Do  you  complaint  You  are  consoled  by  the  assurance  that 
it  is  the  '  costumbre  del  pais '  (the  custom  of  the  country).  And  so  it  is ;  therefore,  the  sooner  you 
learn  to  conform  to  it,  the  sooner  will  you  be  relieved  from  a  most  prolific  source  of  irritation." 
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CHAPTER  VII. 

Calxdoioa  Route— Cullen's  Project  and  the  rbsultixq  Expedition— Strain's  Expedition  and  the  Opera- 
tions OF  English  and  French  Parties  in  the  Vicinity  of  Caledonia  Bay— The  Search  for  Strain- 
Strain's  Journey— Bourdiol's  Survey. 

CULLEN'S  PEOJECT  and  the  BESULTINa  EXPEDITION. 

In  1850  the  project  of  a  ship-canal  across  the  Isthmus  of  Darien,  between  Caledonia  Bay  and 
the  Gulf  of  San  Miguel,  was  placed  before  the  world  by  Edward  Oullen,  M.  D.,  F.  R.  G.  S.,  of 
Dublin,  in  communications  to  the  press,  in  a  paper  to  the  Royal  Geographical  Society,  read  at  the 
Edinburgh  meeting  of  the  British  Association  in  July,  1850,  and  in  a  report  to  Lord  Palmerston, 
January  15, 1851.  Subsequently,  in  December,  1851,  his  views  were  laid  before  Messrs.  Fox,  Hen- 
derson, and  Brassey,  of  London,  who  were  led  to  believe  from  his  statements  that  the  route  desig- 
nated was  fEbvorable  to  the  location  of  an  interoceanic  ship-way,  and  with  a  view  to  its  development 
they  engaged  the  services  of  Mr.  Lionel  Gisbome,  0.  E.,  and  directed  him  "  to  ascertain  the  prac- 
ticability of  interoceanic  navigation  for  the  largest  ships  at  all  times  of  tide.''  He  left  England 
for  this  purpose  in  April,  1852,  and  returned  the  following  July.  His  report,  which  was  highly 
favorable,  will  be  referred  to  further  on. 

While  Gisbome  was  on  his  way  to  make  an  examination  of  the  route.  Dr.  GuUen  was  in  Bogota, 
and,  in  the  names  of  Fox,  Henderson,  Brassey,  and  himself,  obtained  a  concession  from  the  Colom- 
bian Government,  granting  them  the  exclusive  privilege  of  cutting  a  ship-canal  across  the  Isthmus 
of  Daiien,  between  Caledonia  Bay  and  the  Gulf  of  San  Miguel.  Subsequently,  CuUen  prepared 
a  work  entitled  '<  Isthmus  of  Darien  Ship-Canal "  in  which  much  space  was  devoted  to  matters  of 
general  interest  relative  to  Darien  and  the  ship-canal  project,  but  upon  the  important  subject  of 
the  route  itself  very  little  was  said.  With  the  exception  of  a  description  of  the  terminal  harbors, 
the  following  quotations  contain  all  that  he  ofifers  regarding  the  characteristics  of  the  proposed 
route,  and  it  will  readily  be  inferred  that,  it*  the  country  were  such  as  he  described  it,  there  could 
have  been  but  little  difficulty  in  securing  such  data  as  would  have  supported  his  general  asser- 
tions. 

"Discovery  of  the  Savana  Ritee  and  the  boute  fob  the  ship-canal. — I  imagine 
that  the  river  Savana  was  not  delineated  in  the  maps  which  Humboldt  saw.  Such,  indeed,  was  the 
case  with  the  map  which  I  had  on  my  first  journey  into  Darien,  in  1849,  so  that  I  was  totally  ignorant 
of  its  existence  until  I  actually  saw  it,  after  entering  Boca  Chica,  when,  finding  the  great  depth 
of  water  at  its  mouth,  and  that  it  flowed  almost  directly  from  the  north,  I  became  convinced  that 
I  had  at  last  found  the  object  of  my  search,  viz,  a  feasible  route  to  the  Atlantic,  and  thereupon 
immediately  ascended  it,  and  crossed  from  Canasas  to  the  sea-shore  at  Port  Escosc^s  and  back,  and 
subsequently,  in  1850,  and  also  in  1851,  crossed  and  recrossed,  at  several  times  and  by  several 
tracks,  the  route  from  the  Savana  to  Port  Escosc^s  and  Caledonia  Bay,  notching  the  barks  of  the 
trees  as  I  went  along  with  a  machete  or  cutlass,  always  alone  and  unaided  and  always  in  the 
season  of  the  heaviest  rains. 

^^  From  the  sea-shore  [Atlantic]  a  plain  extends  for  nearly  two  miles  to  the  base  of  a  ridge  of  hills 
which  runs  parallel  to  the  coast,  and  whose  highest  summit  is  about  350  feet.  This  ridge  is  not  quite 
continuous  and  unbroken,  but  is  divided  by  transverse  valleys  through  which  the  Aglaseniqua, 
Aglatomate,  and  other  rivers  have  their  course,  and  whose  highest  elevations  dd  not  exceed  150  feet. 
The  base  of  this  ridge  is  only  two  miles  in  width ;  and  from  its  south  side  a  level  plain  extends  for 
thirteen  miles  to  a  point  on  the  river  Savana,  called  CaSiasas,  which  is  about  twenty  miles  above 
its  mouth." 

With  one  or  two  repetitions  of  the  substance  of  the  above  quotations,  this  is  all  he  had  to 
say,  in  a  work  of  200  pages,  upon  the  vital  and  really  only  unknown  part  of  the  question.    It  is 
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somewhat  surprising  that  this  disparity  did  not  receive  the  attention  it  deserved  as  indicating  how 
little  Oollen  knew  about  the  route  he  proposed;  as  it  seems  reasonable  to  suppose,  firom  his  pro- 
fuseness  upon  matters  incidental  to  the  subject,  that  if  he  had  had  the  means  of  substantiating  his 
assertions  he  would  certainly  produce  them  at  length ;  failing  in  that,  he  boldly  launched  his  state- 
ments, clothed  in  a  simplicity  that  was  attractive,  and  with  a  directness  of  statement  that  was  in- 
tended to  carry  conviction. 

This  absence  of  data  to  sustain  his  assertions  was  very  much  regretted  by  several  prominent 
writers  on  the  question  of  interoceanic  communication,  notably  Admiral  Fitzroy,  B.  N.,  but,  owing 
to  the  zeal  and  persistence  with  which  he  advocated  this  route,  and  having  no  means  of  refutation, 
they  were  inclined  to  believe  the  conditions  to  be  as  presented  by  him,  but  in  the  light  of  subse- 
quent developments  it  will  be  seen  how  imperfect  was  his  claim  to  consideration. 

As  already  stated,  Gisbome  made  a  favorable  report  of  the  result  of  his  examinations,  and, 
while  not  exactly  in  agreement  with  Cullen,  he  presents  a  route  that  is  essentially  the  same  and 
equally  attractive.  Quoting  from  that  portion  of  his  report  which  describes  his  operations  on  the 
Isthmus,  we  have  the  following,  which  certainly  characterizes  his  work  as  the  crudest  kind  of  a 
reconnaissance : 

<<At  Oarthagena  we  obtained  informatic  a  which  fully  confirmed  what  we  had  been  led  to 
expect  from  the  little  we  gathered  in  Bngland;  that  no  strangers  had  been  allowed  to  visit 
the  interior  since  the  Buccaneers  assisted  the  natives  in  repelling  the  Spaniards,  nearly  two 
hundred  years  ago;  that  it  was  vain  to  think  of  obtaining  from  these  jealous  savages  permission 
to  enter  their  territory,  and  that  to  do  so  without  their  permission  was  hazardous  in  the  extreme. 
Yet,  as  it  was  generally  supposed  that  the  summit  level  between  the  two  oceans  was  near  the 
Atlantic  coast,  and  it  was  therefore  important  to  ascertain  whether  that  was  a  fact,  we  determined 
to  make  the  attempt.  From  the  schooner,  the  Cordilleras  appeared  to  run  in  an  unbroken  range. 
We  landed  on  the  morning  of  the  17th  of  June,  and  crossed  this  range  without  any  obstacle,  ascer- 
taining the  lowest  point  visible  from  the  seaboard  to  be  276  feet  high.  Beyond  this  point  we 
followed  a  small  stream,  which  led  us  to  a  larger  river  flowing  from  the  southwest,  in  a  semi- 
circular sweep  toward  the  north.  A  flat  plain  extended  to  the  southwest,  in  the  direction  of  the 
Gulf  of  San  Miguel,  as  far  as  the  eye  could  reach;  looking  over  the  tops  of  trees  from  a  bluff, 
about  100  feet  high,  which  we  ascended  for  the  purpose,  we  obtained  an  uninterrupted  view  for  at 
least  six  miles  in  that  direction. 

"  We  followed  the  course  of  this  river  to  the  north  until  dark.  Early  the  following  morning 
two  Indians  in  a  canoe  came  in  sight,  who,  upon  perceiving  us,  instantly  landed  and  fled  to  the 
woods.  Proceding  on  our  journey,  we  met  a  few  hours  afterwards  a  woman  and  two  children 
(one  an  albino),  from  whom  we  were  unable  to  derive  any  information.  We  had  scarcely  passed 
her,  when  a  canoe  suddenly  appeared  with  five  well-armed  Indians  in  it,  who  made  us  understand 
that  we  were  to  follow  them,  which  we  thought  it  prudent  to  do.  They  led  us  fortunately  along 
the  course  of  the  river,  which  gradually  assumed  a  more  easterly  direction,  winding  among  the  hills 
that  overlapped  each  other,  until  we  reached  a  village  at  its  mouth,  in  Caledonia  Bay.  We  were 
thus  singularly  assisted  in  our  object  by  the  discovery  of  a  passage  through  the  range  of  the 
Oordilleras,  which  had  been  heretofore  supposed  to  be  unbroken. 

<^  Here  an  Indian  who  spoke  a  little  English,  and  seemed  a  principal  man  in  his  tribe,  ques- 
tioned us  as  to  our  object  in  entering  their  territory.  Thereupon  a  meeting  was  held  of  the  chief 
men,  who  detained  us  prisoners.  After  several  hours,  and  with  great  difficulty,  we  prevailed  on 
them  to  allow  us  to  return  to  our  vessel,  on  the  condition,  however,  that  we  should  set  sail  instantly, 
and  upon  the  understanding  that  if  we  were  again  caught  in  the  interior  more  summary  measures 
would  be  adopted.  Five  or  six  Indians  accompanied  us  to  Port  Escosc^s,  about  five  miles  off  (where 
our  vessel  was  lying),  and  they  remained  until  the  afternoon,  when  we  were  well  off  the  coast. 

^^  Our  great  object  had,  however,  been  obtained,  in  finding  that  the  Cordilleras,  which  appeared 
from  the  sea  a  continuous  range,  had  an  intervening  valley,  and  that  the  summit  between  the  two 
oceans  must  be  the  center  of  the  Isthmus,  if  not  nearer  the  Pacific  coast." 

Leaving  Port  Escosc^s,  Gisbome  and  his  assistant,  Mr.  Forde,  proceeded  to  Aspinwall,  crossed  I 

over  to  Panama,  and  there  hired  a  small  schooner  to  convey  them  to  the  Gulf  of  San  Miguel.  On  June 
29  they  arrived  at  Boca  Ohica,  the  entrance  to  Darien  Harbor,  and  on  the  following  day  proceeded 
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Outline  map  of  the  Caledonia  route  illustrating  Gisbome's  error,  Strain's  journey,  and  recon- 
naissances made  by  Milla,  Prevost,  and  Bourdiol. 
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with  an  examination  of  the  Savana  Biver.  ^'At  its  mouth  we  found  it  two  miles  wide,  narrowing 
for  seven  miles  above  to  a  width  of  half  a  mile,  and  skirted  by  hills  from  two  to  three  hundred 
feet  high,  running  within  a  mile  or  two  of  its  banks.  The  depth  of  the  river  varies  flrom  nine  to 
six  fathoms  at  low  wat^r,  and  soundings  gave  us  a  soft  muddy  bottom.  From  this  point  to  the 
junction  with  the  river  Lara  the  depth  diminishes  till  the  bottom  becomes  level  with  mid-tide.  The 
tide  rises  for  five  miles  further  up  the  Savana,  to  a  fall  of  about  two  feet  over  a  stratum  of  rock 
crossing  the  stream  diagonally  northeast  by  east  at  a  dip  of  60^.  The  point  marked  I  in  the 
accompanying  map  shows  how  far  we  were  able  to  ascend  in  a  canoe.  The  same  class  of  rock 
appears  both  at  the  bottom  and  the  sides.  The  course  of  the  Savana  beyond  tidal  influence  is 
tortuous,  the  width  of  the  water-way  being  sixty  feet  at  I. 

^'On  the  morning  of  the  2d  July  we  began  our  land  journey  to  the  northeast  in  the  direction 
of  Caledonia  Bay.  For  the  first  two  miles  the  country  was  level  and  less  overgrown  than  on  the 
Atlantic  side,  which  made  our  progress  comparatively  rapid.  •  •  •  We  then  crossed  a  range 
of  hills  which  we  ascertained  to  be  100  feet  high,  forming  the  summit  between  the  Savana  and 
Caledonia  Bivers ;  at  the  foot  a  small  stream  flowed  nearly  due  east.  We  followed  it  for  two  miles, 
which  led  us  to  a  larger  one,  the  course  of  which  we  traced  to  the  point  marked  D  on  the  map. 
At  this  point  a  clear  view  to  the  northeast  in  the  direction  of  the  point  marked  B,  towards  Caledonia 
Bay,  showed  a  flat  plain  with  no  intervening  hills.  The  points  D  and  £  being  only  six  miles  apart, 
our  view  from  D  towards  E,  and  our  still  more  commanding  view,  for  at  least  six  miles  from  an 
elevation  of  100  feet  at  E,  in  the  direction  of  D,  overlapped  and  were  perfectly  conclusive  with 
regard  to  the  few  miles  seen  and  not  actually  walked  over.  We  therefore  accepted  the  admonition 
of  a  foot-path  and  a  bridge  formed  by  the  trunk  of  a  tree  placed  across  the  river  at  this  point,  that 
we  were  again  in  the  territory  of  the  Indians  into  whose  hands  we  had  fallen  at  Caledonia  Bay, 
and  that,  our  object  being  accomplished,  it  was  unwise  to  incur  farther  risk  from  the  Indians  by 
walking  over  these  six  mOes,  thinking  it  best  for  the  sake  of  the  undertaking  to  retrace  our  steps 
at  once." 

From  these  observations,  Gisbome  arrived  at  the  following  conclusions:  That  the  actual 
breadth  of  the  Isthmus  between  the  tidal  efi'ects  of  the  two  oceans  was  30  miles ;  that  the  summit 
level  was  ascertained  to  be  160  feet,  and  that  it  was  formed  by  a  narrow  range  of  hills  having  a 
gradually  rising  plain  at  its  foot  on  each  side.  He  also  believed  that  a  more  detailed  examination 
of  this  dividing  ridge  would  reveal  a  much  lower  summit. 

All  these  conclusions  were  wide  of  the  mark,  and  a  comparison  of  Oisbome's  map  with  one 
compiled  from  authentic  sources  will  show  at  a  glance  what  an  imperfect  conception  he  formed  of 
the  topographical  features  of  the  country.  It  will  also  appear  that  Port  Escosc^s  being  plotted  7 
miles  too  far  west,  and  the  mouth  of  the  Savana  10  miles  east  of  its  true  position,  brings  them 
nearer  to  the  same  meridian  than  they  should  be,  the  difference  in  longitude  being  12  instead  of  29 
miles.  From  these  errors  it  will  be  seen  that  his  fields  of  view  not  only  failed  to  overlap  by  many 
miles,  but  that  his  lines  of  sight  did  not  bear  upon  the  points  he  supposed. 

His  great  error  was  in  his  conclusion  regarding  the  dividing  ridge.  He  started  out  with  the 
conception  of  a  Cordillera  unbroken  by  intervening  valleys,  and  considered  it  important  to  ascer- 
tain the  position  of  the  summit  of  the  divide  relative  to  the  coast  lines.  He  states  that  it  was 
generally  believed  to  be  nearer  the  Atlantic  than  the  Pacific  shore,  and  this  is  a  fact,  but  when, 
after  leaving  Port  Escosc^s  and  crossing  the  ridge  which  lies  between  the  shore  and  the  eastern 
branch  of  the  Caledonia  Biver,  he  encountered  the  ^'  small  stream  which  afterwards  led  him  to  a 
larger  one,''  he  altered  his  views  concerning  the  unbroken  character  of  the  Cordillera,  and  was 
misled  into  believing  he  could  trace  the  valley  of  the  river  six  or  seven  miles  to  the  southwest, 
and  judging  from  its  size  at  the  point  of  observation,  that  its  headwaters  must  be  ten  miles  away. 
If  this  were  the  case,  he  concluded  that  the  river  did  not  have  its  rise  in  the  Cordilleras,  but  fiowed 
through  them  in  a  sudden  break  from  a  low  ridge  nearer  the  center  of  the  Isthmus.  His  reason 
for  considering  the  ridge  a  low  one  was  because  the  only  hills  he  could  see  being  to  the  eastward, 
he  judged  that  the  lands  to  the  south  and  southwest  were  low,  and  that  no  mountain  range  formed 
at  the  head  of  this  river.  During  his  examination  on  the  Pacific  side  he  made  a  similar  error,  and, 
although  he  certainly  did  not  intend  it,  he  was  in  reality  only  giving  form  to  a  supposititious  case 
he  had  conceived  on  shipboard. 
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Dealing  with  the  conditions  as  he  supposed  them  to  exist,  he  proposed  two  plans  for  the  canal, 
one  with  and  the  other  without  locks.  Both  plans  were  generally  above  criticism  and  were  boldly 
designed  to  meet  the  fullest  requirements  of  the  commerce  of  the  world,  and  it  is  to  be  regretted 
that  such  talent  was  wasted  upon  a  fallacious  assumption  of  facts.  *  Gisbome  has  been  harshly 
handled  for  his  unfortunate  mistake,  but  it  is  highly  probable  that  one  as  great  would  have  been 
made  by  any  one  entering  into  the  examination  under  the  conditions  which  then  existed. 

On  his  return  to  England  he  had  his  notes  of  the  journey  published  under  the  title  of  "The 
Isthmus  of  Darien  in  1852,"  which  furnishes  information  relative  to  his  methods  not  otherwise 
attainable.  A  consideration  of  these  methods  will  be  beneficial  in  showing  that  he  and  many 
others  who  have  gained  the  unwholesome  title  of  distorters  of  facts  do  not  strictly  deserve  the 

disgrace. 

In  this  work  he  treats  in  a  running  style  upon  financial,  political,  religious,  and  scientific  ques- 
tions suggested  by  the  incidents  of  the  journey,  and  in  such  a  manner  as  to  produce  a  very  favorable 
iiiiproHsion  upon  the  reader  as  to  the  extent  of  his  knowledge  and  the  soundness  of  his  views.  Be- 
ft*rring  to  the  uses  to  which  electricity  would  be  applied,  he  says:  "Before  this  century  has  closed, 
eh'ctricity  will  replace  the  pen,  if  not  guide  articulation,  and  will  convert  night  into  day.  All  that 
JH  wanting  for.  the  former  is  to  make  an  instrument  sufficiently  delicate  to  indicate  waves  of  sound ; 
and  for  the  latter,  one  that  will  preserve  an  uniform  intensity  in  the  evolution  of  electric  light." 
These  i>recliction8,  so  happily  fulfilled  at  the  present  day,  give  a  value  to  his  opinions,  and  at  the 
sanie  time  increase  the  disappointment  and  regret  that  he  was  not  equally  happy  in  his  conclu- 
sioiiH  regarding  the  character  of  the  Isthmus  of  Darien.' 

The  fatality  that  seems  to  be  attached  to  the  individual  examination  of  the  Isthmus  is  in  no 
(uiMi^  more  strikingly  manifested  than  in  that  of  Gisborne,  and  this  fact  suggests  a  consideration  of 
the  iiittuences  which  misled  these  individual  explorers.  The  great  importance  of  a  communication 
hi'tween  the  two  oceans  naturally  incite<i  motives  of  ambition  and  gain  in  many  persons,  but  of 
the  many  a  few  only  sought  a  personal  solution  of  the  problem;  and  it  can  be  readily  understood 
tliiit  tliese  dreams  of  fame  and  fortune  were  more  potent  in  producing  imaginary  than  practical 
n*Miilt^.  These  influences,  sufficient  to  warp  the  judgment  under  ordinary  circumstances,  produced 
virtual  blindness  to  unwelcome  facts  in  the  case  in  question,  and  their  effect  is  manifested  by  the 
ghiriiig  errors  into  which  their  victims  fell. 

Ah  the  result  of  his  search  for  information  regarding  the  country  he  was  about  to  explore, 
Oinborne  states  "  that  scarcely  a  single  fact  relating  to  this  Isthmus  can  be  relied  on;  the  writers 
H(*em  to  vie  with  each  other  in  a  series  of  contradictions,  laying  themselves  open  to  the  same 
charge  of  want  of  consistency  by  their  obstinate  and  one-sided  view  of  the  particular  scheme  they 
have  made  their  hobby." 

With  such  a  clear  conception  of  the  errors  of  others,  it  was  to  be  expected  that  he  would  guide 
himself  more  carefully,  but,  in  spite  of  all,  he  is  found  plunging  into  the  same  current ;  and  while 
ae.knowledging  the  danger  of  inductive  reasoning,  he  nevertheless  allows  himself  to  follow,  as  he 
Hays,  "this  false  system,"  and  with  no  better  result  than  to  find  himself  consigned  to  the  class  he 
HO  lately  condemned. 

Very  unfortunately  for  these  enthusiasts  there  could  hardly  be  a  place  less  suited  to  inductive 
reasoning  than  the  Isthmus  of  Darien,  for  here  nature's  sway  is  so  great  that  man  is  forced  to  slow 
and  toilsome  labors  in  fathoming  her  secrets.  As  far  as  the  use  of  judgment  is  concerned  in 
determining  the  orological  features  of  the  country,  it  is  of  no  more  avail  than  it  would  be  in  deter- 
mining the  contours  of  the  bottom  of  a  bay;  the  barrier  being  in  the  one  case  a  dense  forest,  and 
in  the  other,  of  course,  water;  facts  in  either  case  being  obtainable  only  by  measurements. 

Previous  to  his  landing  on  the  Isthmus,  Gisborne  formed  a  supposititious  case  of  a  route  involv-. 
ing  two  good  harbors  as  termini,  and  a  summit  level  of  100  or  150  feet,  with  other  equally  favora- 
ble condition!^.  Subsequently  he  congratulates  himself  on  his  good  fortune  in  finding  that  these 
conditions  exist,  but  it  will  be  seen  from  the  limited  extent  of  his  examination  that  his  observa- 
tions on  shore  were  hardly  any  more  practical  than  his  speculations  on  shipboard.  Evincing,  as 
he  does  in  the  work  referred  to,  an  ability  to  treat  professional  and  other  subjects  fairly  and  to 
arrive  at  correct  conclusions,  his  going  so  wide  of  the  mark  in  the  present  case  can  only  be 
explained  by  his  reliance  upon  methods  which  were  not  applicable  to  a  study  of  the  Isthmus;  but 
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while  his  error  may  be  coDsidercd  as  the  result  of  his  accepting  as  facts  the  product  of  his  reason- 
ing, Dr.  Cullen  is  less  fortunate,  as  it  is  impossible  to  relieve  the  mind  from  the  impression  that  he 
was  guilty  of  gross  misrepresentation.  This  impression  is  strengthened  by  his  failure  to  appear  in 
the  examination  which  Gisborne  made,  and  evidently  without  any  reasonable  excuse  for  his 
absence.  It  had  been  arranged  in  London  that  Cullen  was  to  meet  Gisborne  at  Carthagena  on  the 
first  of  May,  but  owing  to  a  delay  in  obtaining  the  concession,  the  appointment  could  not  be  kept; 
and  as  Cullen's  services  were  considered  valuable,  it  was  decided  to  await  his  arrival  from  Bogota. 
Three  weeks  later  the  negotiations  were  concluded,  ending  the  necessity  for  CuUen's  presence  in 
Bogota,  and  after  an  additional  delay  of  three  weeks,  the  prospect  of  his  appearing  upon  the  scene 
being  as  remote  as  ever,  Gisborne  sailed  from  Carthagena  in  a  chartered  vessel  without  him.  He 
was  exceedingly  chagrined  at  Culleu's  action,  and  was  clearly  of  the  mind  that  the  latter  was 
suiting  his  own  convenience,  causing  him  to  dance  attendance;  but  in  this  view  he  was  no  doubt 
wrong,  as  the  action  can  be  better  understood  in  the  light  of  Cullen's  fear  of  exposing  his  ignorance 
of  the  country  about  which  he  had  written  so  boldly  and  of  which  he  knew  nothing. 

The  importance  given  to  the  Caledonia  route  by  Gisborne's  favorable  report  to  his  principals 
led  to  arrangements  for  a  detailed  survey;  and  as  the  attitude  of  the  Darien  Indians  was  such  as 
to  cause  fear  for  the  safety  of  a  small  party,  it  was  decided  to  overawe  the  Indians  by  a  display 
offeree,  and  then,  by  treating  them  in  a  conciliatory  spirit,  gain  their  assistance.  For  this  pur- 
pose, and  with  the  broad  view  that  the  undertaking  should  possess  an  international  character,  it 
was  determined  to  seek  from  the  leading  naval  powers  such  co-operation  as  would  facilitate  the 
object  in  view.  The  result  of  these  efforts  was  to  secure  the  presence  of  the  following  vessels  at 
Caledonia  Bay  in  January,  1854:  U.  S.  S.  Cyane,  Commander  G.  F.  Hollins;  H.  B.  M.  brig 
Espeigle,  Commander  Hancock ;  H.  B.  M.  schooner  Scorpion,  Master  Commanding  Parsons ;  H.  I.  M. 
steamship  Chim^re,  Lieutenant  Commanding  Jaur6guiberry.  H.  B.  M.  steam  sloop  Virago,  Com- 
mander Marshall,  wa«  on  the  Pacific  side,  in  the  Gulf  of  San  Miguel,  having  arrived  there  on  the 
17th  of  December.  Colonel  Codazzi,  chief  of  the  topographical  department  of  New  Granada,  was 
the  representative  of  his  Government. 

Gisborne  arrived  in  Caledonia  Bay  on  board  of  the  Espiegle,  and  was  accompanied  by  Lieuten- 
ant St.  John,  E.  E.,  and  Dr.  Cullen.  His  engineering  staff,  under  Mr.  Forde,  was  instructed  to 
proceed  via  Panama  to  the  Gulf  of  San  Miguel  and  commence  the  survey  from  that  point. 

Although  the  above-mentioned  vessels  were  present  to  assist  in  the  undertaking,  it  does  not 
appear  that  there  were  any  stipulations  between  their  respective  Governments  regarding  co-opera- 
tiv>n.  It  is  certain  that  the  United  States  Government  did  not  issue  any  instructions  to  the  com- 
manding officer  of  the  Cyane  of  such  a  character;  and  the  honorable  Secretary  of  the  Navy,  J.  0. 
Dobbin,  rather  permitted  than  directed  the  organization  of  Lieutenant  Strain's  party,  the  members 
of  which  he  insisted  should  all  be  volunteers. 

Gisborne's  favorable  indorsement  of  the  Caledonia  route  attracted  a  wide  attention,  which  was 
the  more  easily  secured  owing  to  the  awakened  interest  in  the  subject  of  interoceanic  communica- 
tion resulting  from  the  discovery  of  gold  in  California  and  the  construction  of  the  Panama  railroad. 
Many  eyes  were  turned  towards  Darien,  and  among  the  first  to  seek  a  confirmation  of  Gisborne's 
statements  was  Rear- Admiral  Fairfax  Moresby,  R.  N.,  who  issued  the  following  order  to  that  end; 

<' Portland,''  at  Callao,  August  4, 18«53. 

Sir  :  I  inclose  you  a  report  addressed  to  Messrs.  Fox,  Henderson,  and  Brassey  by  Mr.  Lionel 
Gisborne,  C.  E.,  alho  a  book  recently  published  by  Dr.  Cullen,  both  relative  to  the  locality  through 
which  the  Atlantic  and  Pacific  Oceans  may  be  united  by  a  ship-canal. 

On  leaving  Panama  you  are  to  take  the  opportunity  of  ascertaining,  as  far  as  may  be  in  your 
power,  the  extent  of  the  advantages  set  forth  in  these  publications  by  proceeding  to  the  Gulf  of 
San  Miguel  and  ascending  the  Savana  to  the  point  indicated  by  Mr.  Gisborne's  report,  then  cross- 
ing the  Ihthmus  as  far  as  you  can  without  causing  a  hostile  feeling  on  the  part  of  the  Indians. 

The  particular  point  on  which  further  information  is  desired  is  on  that  portion  of  the  Isthmus 
not  actually  trod  by  Mr.  Gisborne. 

If  canoes  are  required  they  are  to  be  found  in  the  Bay  of  Garachind.  I  send  you  an  American 
chart  of  the  locality,  published  in  1851  by  Dr.  Autenrieth,  at  New  Orleans.  You  must  be  cautious 
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in  entering  the  Gulf  of  San  Miguel.    I  recommend  your  not  lisking  the  navigation  beyond  the  Bay 

of  Garachiu^  before  it  is  examined  by  your  boats.    Much  prudence  will  be  required  in  the  i>erfonn- 

ance  of  this  service.    Should  the  time  prove  unfavorable,  or  a  prospect  of  delay  beyond  a  week,  it 

must  be  abandoned. 

I  am,  &c., 

FAIRFAX  MORESBY, 

Bear  Admiral^  Commanding  in  Chief. 
Commander  J.  C.  Prevost, 

H,  M,  Sloop  Virago, 

Acting  under  these  instructions.  Commander  Pievost  proceeded  in  the  Virago  to  the  Gulf  of 
San  Miguel,  where  he  arrived  on  the  17th  December,  1853,  and  two  days  later  started  up  the  Savaua 
with  a  party  consisting  of  seven  officers,  twenty-one  sailors^  and  seven  natives,  in  a  cutter,  gig,  and 
canoe.  The  party  was  well  armed  and  supplied  with  fourteen  days'  provisions.  He  ascended  the 
Savana  to  a  point  about  twenty- two  miles  above  its  mouth,  and  being  unable  to  proceed  farther 
with  the  boats,  disembarked  his  party  on  the  left  bank  of  the  river,  and  made  preparations  for  the 
land  journey. 

The  object  of  this  reconnaissance  being,  as  indicated  in  the  orders,  to  extend  the  examination 
of  Gisborne's  route  so  as  to  include  the  six  (f )  miles  he  had  not  walked  over,  it  was  intended  to 
commence  operations  from  the  point  which  Gisbome  marked  D  on  his  map.  There  being  nothing 
to  guide  them  to  the  location  of  this  point,  it  was  subsequently  decided  to  lay  off  a  straight  course 
from  Fuerte  del  Principi  to  Caledonia  Bay,  and,  in  following  it,  estimate  distances.  This  course, 
taken  from  the  maps,  was  noi  thnortheast,  but  unfortunately  it  was  not  known  that  the  terminal 
I)oints  woie  p  otted  with  eriors,  both  in  latitude  and  longitude,  so  that  the  course  selected  was 
nearly  60^  noith  of  what  it  should  have  been,  and,  if  followed  to  the  Atlantic  coast,  would  strike 
it  at  a  point  more  than  thirty  miles  away  from  Point  Escosc^s. 

Prevost's  plan  was  to  push  forward  as  rapidly  as  possible  on  this  course,  and  open  a  well-marked 
tiail,  which  could  not  be  mistaken,  and  which  would  be  of  benefit  to  future  explorers,  Soon  after 
the  line  had  been  started  it  was  discovered  that  an  estimated  distance  of  three  miles  did  not  in 
reality  exceed  one  mile.  "This  difference  of  opinion  as  to  the  actual  distance  gone  over,"  say?*  Pre- 
vost, "  fortunately  led  to  the  measuring  system.  Had  we  not  adoi)ted  it  we  might  have  been  greatly 
])uzzled,  so  easy  is  it  for  the  most  experienced  to  be  deceived,  owing  to  the  density  of  the  forest, 
the  labor  of  cutting  a  road,  and  the  total  exclusion  of  the  sun  and  sky  from  the  path — besides  the 
exertion  of  lifting  the  feet  so  high  to  clear  the  tendrils  that  even  to  the  last  day,  notwithstanding 
a  foi  tnight's  experience,  we  could  not  judge  our  distance  correctly  within  a  half;  and  Mr.  Kennish, 
who  had  been  for  years  traveling  in  these  countries  accompanied  only  by  Indians,  was  equally 
deceived." 

The  system  of  measurement  adopted  was  by  using  a  line  one  chain  in  length,  and,  though  crude 
enough,  it  was  the  first  that  had  ever  been  applied  to  this  route;  and  thepart>  was  the  first  which 
possessed  the  valuable  elements  resulting  from  an  organized  and  disciplined  body. 

Progress  was  slow  and  laborious,  as  can  be  judged  from  the  fact  that  it  required  fifteen  days 
to  cut  through  twenty-six  miles  of  the  forest.  By  this  time,  having  exceeded  the  limit  of  his  stay, 
and  having  come  nearly  to  the  end  of  his  provisions,  he  was  compelled  to  retrace  his  steps  without 
being  rewarded  by  a  sight  of  the  Atlantic,  although  he  had,  during  the  last  few  days  of  his  advance, 
momentarily  expected  it  would  burst  upon  his  view.  Had  he  been  able  to  continue  in  the  field, 
he  would  have  been  still  further  disappointed,  as  it  would  have  required  much  hard  work  and 
nearly  a  week,  at  the  rate  he  was  proceeding,  before  he  would  have  reached  the  desired  shore ;  and 
then,  as  stated,  not  at  Caledonia  Ba}',  but  many  miles  beyond  it. 

During  the  reconnaissance  many  attempts  were  made  to  gain  a  knowledge  of  the  country 
beyond  the  sides  of  the  narrow  and  hard  earned  footpath,  by  sending  men  into  the  tree-tops,  but  from 
the  confused  reports  of  such  observations  it  became  evident  that  no  dependence  could  be  placed 
upon  them.  In  the  vicinity  of  their  eighth  encampment  a  view  was  obtained  from  a  lofty  tree  and 
a  depression  reported  bearing  about  east.  This  was,  in  fact,  the  depression  of  the  Caledonia  Pass, 
the  point  he  wished  to  reach,  but  having  no  misgivings  about  the  correctness  of  the  course  he  was 
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following,  there  was  nothiDg  to  indicate  that  he  should  change  it  to  one  leading  to  this  gap.  The 
only  circumstance  to  raise  doubts  in  his  mind  occurred  a  few  days  afterwards,  when  he  encountered 
the  Chucnnaqua,  at  Rancho  10,  which,  as  he  says,  should  have  been  left  some  distance  to  the  east- 
ward, steering  the  course  he  had,  according  to  the  maps  then  in  hand. 

At  this  river  he  divided  his  party,  taking  the  most  active  with  him  and  ordering  the  others  to 
await  his  return.  He  hoped  in  the  short  time  left  to  him  by  these  steps  to  facilitate  his  reaching 
the  Atlantic,  but  after  leachiug  the  heart  of  the  Cordillera  he  was  compelled  to  return. 

On  arriving  at  Raucho  10,  where  he  had  divided  his  party,  he  found  no  one  there,  and  all  the 
provisions  and  stores  gone.  The  place  had  the  appearance  of  having  been  ransacked,  but  there 
were  no  traces  of  Indians  to  be  seen.  '^At  first  I  concluded,"  says  Prevost,  "  that  the  guard  had 
gone  back  to  No.  9,  a  quarter  of  a  mile  distant.  Rancho  9  was  soon  passed,  and  in  Indian  file  we 
came  to  the  swamp,  and  then  plainly  distinguished  the  marks  of  Indian  feet.  Still,  we  were 
undisturbed,  and  had  reached  within  a  quarter  of  a  mile  of  No.  8,  when,  in  taking  a  short  turn  in  the 
road,  to  my  horror  we  came  suddenly  upon  the  bodies  of  three  of  our  shipmates,  lying  dead  in  the 
pathway.  My  first  impression  was  that  they  had  fallen  down  exhausted  with  the  weight  they  were 
carrying,  as  each  had  a  load  of  provisions,  so  unprepared  was  I  for  so  sad  a  termination  to  all  our 
hopes.  But  in  this  I  was  soon  undeceived,  and  the  melancholy  fact  of  the  cold-blooded  murder 
was  too  evident.  Apparently  they  had  not  moved,  but  died  without  a  struggle,  while  falling  to  the 
ground,  mortally  wounded  by  gunshot  fired  from  the  left-hand  side  of  the  road  from  an  ambush, 
the  density  of  the  forest  here,  as  everywhere  else,  making  every  tree  a  hiding  place  and  shelter  for 
as  many  Indians  as  chose  to  collect.  The  bodies  of  our  poor  fellows  appeared  in  a  sad,  putrid 
state ;  apparently  they  had  been  dead  about  forty-eight  hours.  Nothing  had  been  taken  from  them 
except  their  muskets,  not  even  their  bayonets  or  ammunition,  and  a  quantity  of  rum  carried  by 
Hyde  was  untouched.    Not  a  trace  could  we  find  of  poor  Robins,  the  fourth  man. 

'*To  linger  longer  in  the  neighborhood  of  such  a  dangerous  ambush  was  only  to  risk  other 
valuable  lives,  and  although  we  had  the  desire,  God  knows,  to  give  our  late  shipmates  Christian 
burial,  we  had  not  the  means,  and  believing  it  probable  that  the  Indians  had  merely  returned  to 
collect  a  strong  force  and  cut  off  our  retreat,  and  might  at  that  moment  be  pursuing  us,  we  turned 
from  the  heartrending  sight  and  sought  our  own  safety." 

Pushing  on  by  forced  marches  extending  into  the  night,  the  party  gained  the  ship  on  the 
following  day.  Retaliatory  measures  were  entertained  by  the  commanding  oflScer  of  the  Virago, 
but  were  not  executed,  as  it  was  feared  such  a  course  would  imperil  the  parties  who  were  about 
entering  from  the  Atlantic  side.  This  action  of  the  Indians,  it  was  afterwards  learned  from  the 
chief  of  another  tribe,  was  owing  to  the  fact  that  they  had  no  intimation  of  the  presence  of  foreigners 
in  their  country  until  they  suddenly  came  upon  them,  and,  not  knowing  their  purpose,  had  treated 
them  as  all  invaders  had  been  treated. 

Although  Prevost  failed  to  accomplish  what  he  hoped  for,  he  rendered  a  good  service  in  stating 
only  what  he  knew  to  be  facts,  and  from  the  limited  amount  of  information  thus  furnished  showed 
how  little  could  be  gained  from  a  reconnaissance  without  instrumental  aid. 

strain's    expedition    and    the    operations    of    ENGLISH    AND    FRENCH    PARTIES    IN    THE 

VICINITY  OF  CALEDONIA  BAY.* 

The  Secretary  of  the  Navy,  Hon.  J.  C.  Dobbin,  appreciating  the  magnitude  of  the  work  of  an 
interoceanic  canal,  and  the  influence  which  its  successful  execution  might  exert  upon  the  commerce 
of  the  world,  accepted,  December  12, 1853,  with  the  consent  of  President  Pierce,  the  services  of 
Lieut.  Isaac  C.  Strain,  U.  S.  N.,  who  volunteered  to  explore  the  route  which,  as  has  been  shown, 
had  been  represented  in  England  by  the  engineering  reports  of  Lionel  Gisborne,  C.  E.,  and  by  the 
previous  statements  of  Dr.  Edward  Cullen,  to  be  entirely  practicable. 

Lieutenant  Strain  had  passed  through  several  years  of  exploration  in  South  America  and  in 
Lower  California.  The  route  now  proposed  to  him  for  exploration,  "  so  attractive  and  so  highly 
commended  in  England,  by  not  only  capitalists  and  merchants,  but  by  statesmen,  offered  to  satisfy 


*The  accoant  of  Strain's  expedition  is  the  joint  work  of  Professor  Nourse  and  myself. — J.  T.  S. 


■s. 
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all  the  conditions  required  for  a  ship-canal  on  the  grandest  scale,"  and  Lieutenant  Strain,  with  his 
friend,  Passed  Midshipman  W.  T.  Truxtun,  received  additional  assurances  of  its  practicability 
from  an  agent  of  an  English  company,  who  resided  in  the  United  States. 

After  several  conferences  at  the  Navy  Department  the  Secretary  of  the  Navy  issued  his  instruc- 
tions to  Commander  George  N.  HoUins,  commanding  United  States  sloop  Cyaiie,  to  the  following 
effect,  viz:  That  he  should  receive  on  board  the  Cyane  Lieutenant  Strain,  Passed  Midshipmen 
Charles  Latimer,  and  W.  F.  Truxton,  with  Assistant  Engineer  J.  M.  Maury,  and  any  other  persons, 
not  exceeding  twelve,  whom  Strain  might  desire  to  join  him;  and,  giving  them  passage,  proceed  to 
the  port  of  Carthagena,  New  Granada,  and  then  deliver  to  the  local  authorities  a  letter  from  Senor 
Paredes,  the  minister  from  that  State,  resident  at  Washington;  and  that  if  the  authorities  of  New 
Granada  should  confirm  the  opinion  expressed  in  that  letter  the  Cyane  should  receive  on  board 
such  additional  men,  not  exceeding  twenty,  as  might  then  be  selected;  and,  proceeding  to  Port 
Escosc^s,  in  Caledonia  Bay,  land  the  party,  with  such  of  the  Cyane's  crew  as  might  volunteer  and 
be  accepted  for  the  expedition.  Commander  HoUins  was  instructed  to  place  in  the  hands  of  Lieuten- 
ant Strain  the  orders  of  the  Department,  which  required  him  to  make  as  speedy  a  reconnaissance 
as  possible  of  that  part  of  the  Isthmus  of  Darien  which  lies  between  Caledonia  Bay  and  the  Gulf 
of  San  Miguel,  but  that  if  any  difficulty  should  be  interposed  by  the  Indian  tribes  Strain  should 
resort  to  all  just  and  proper  means  to  persuade  them  to  abandon  their  opposition,  but  avoid  all 
infractions  of  international  law,  and  retire  from  the  undertaking  unless  it  could  be  accomplished 
without  unfriendly  collision.  The  Department  left  with  Commander  Hollins  the  decision  as  to 
whether  he  should,  in  the  absence  of  the  explorers,  make  hydrographical  surveys  in  the  harbor  of 
Caledonia  or  a  cruise  for  the  healthfulness  of  the  ship.  She  was  to  bring  the  party  back  to  the 
United  States.  In  giving  these  instructions  the  Secretary  considered  that  ^' the  Cyane,  which 
belonged  to  the  Home  Squadron,  might,  with  great  propriety,  cruise  in  the  region  of  Caledonia 
Bay,  and,  at  the  same  time,  convey  any  party  who  might  volunteer  to  engage  in  an  arduous 
exploration,  which  might  prove  beneficial  to  the  commerce  of  the  world,  settle  an  interesting  ques- 
tion, and,  ultimately,  exert  a  happy  influence  by  bringing  into  closer  commercial  and  naval  proximity 
our  Atlantic  and  Pacific  coasts.'^  In  consideration  of  the  views  presented  by  Lieutenant  Strain, 
the  Department  gave  its  sanction  to  the  expedition  and  extended  to  it  every  facility.  It  was,  how- 
ever, to  be  purely  voluntary,  no  orders  being  given  for  its  organization,  neither  does  the  least 
intimation  appear  on  record  that  it  was  designed  to  a<5t  in  concert  with  any  other  exploration. 

December  20, 1853,  Lieutenant  Strain  reported  to  Commander  Hollins,  accompanied  by  the 
following  volunteers,  viz:  Passed  Midshipmen  Charles  Latimer,  W.  T.  Truxton,  and  H.  M.  Gar- 
land; First  Assistant  Engineer  J.  M.  Maury;  civil  engineers  and  assistants,  W.  S.  Boggs,  of  Ohio; 
J.  G.  Kettlewell,  of  Baltimore;  Sterret  Hollins  and  G.  U.  Mayo,  of  Norfolk;  Surgeon  J.  C.  Bird, 
of  Wilmington,  Del.;  and  Messrs.  Theodore  Winthrop  and Holcomb,  who  would  also  per- 
form the  duties  of  engineers,  but  without  pay. 

The  Cyane  sailed  from  Philadelphia  December  20,  arrived  at  Carthagena  on  the  4th  of  the 
month  following,  and  immediately  communicated  with  the  governor  of  the  province,  Seiior  Juan 
Jos^  Nieto,  who  replied  that  he  was  ready  to  give  to  the  expedition  all  the  assistance  which  "his 
legal  attributes  would  permit,  besides  that  which  would  be  expected  from  a  friendly  nation,"  but 
suggested  that  it  might  be  convenient  to  await  the  arrival  of  Col.  Augustine  Codazzi,  Chief  of  the 
National  Commission,  destined  by  the  Government  of  New  Granada  to  explore  the  Isthmus,  which 
would  give  to  the  expedition  not  only  a  national  character  but  much  useful  assistance. 

The  Cyane  having  awaited  the  arrival  of  this  officer  nine  days,  and  receiving  the  thanks  of  the 
governor  for  the  delay,  sailed  for  Caledonia  Bay  with  an  assurance  from  him  that  he  would  place 
the  New  Granadian  explorer  in  connection  with  the  American  party  seasonably  on  the  Isthmus. 
Mr.  Frederick  Avery,  a  native  of  New  York,  residing  at  Carthagena,  had  joined  them  there,  and 
Messrs.  Bamou  Castello  and  Bernado  Polanco  preceded  them  as  Commissioners  from  New  Granada, 
to  explain  the  peaceable  character  of  the  expedition  to  the  Indians. 

The  Cyane  arrived  at  Caledonia  Bay  on  January  17,  five  days  before  any  of  the  other  vessels 
mentioned,  and  a  conference  was  sought  at  once  with  the  chiefs  of  the  Darien  tribes  residing  near 
the  coast.  On  the  18th  a  council  with  the  Indians  was  held  on  board  the  Cyane,  and  although  at 
first  they  tenaciously  opposed  the  landing  of  the  party,  they  finally  gave  their  seeming  consent. 


iNTEEOOfiAKlO  OOMMUKlOATlON  BY  WAY  OP  AMEEIOAN  ISTHMUS.       53 

on  condition  that  property  and  persons  be  inviolably  respected.  On  the  following  day  Strain 
received  from  Commander  Hollins  the  Department's  instructions,  and  immediately  landed  his  party. 
The  march,  however,  was  delayed,  owing  to  a  loss  of  provisions  sustained  in  the  capsizing  of  a 
boat,  and  the  night  was  passed  in  a  deserted  village  on  the  bea<3h.  The  company  now  consisted 
of  the  officers  before  named  (except  Garland,  incapacitated  by  sickness),  the  two  New  Granadians, 
and  thirteen  men,  volunteers  from  the  Cyane;  in  all,  twenty-seven.  Each  was  armed  with  a 
carbine  or  musket,  with  forty  rounds  of  ammunition ;  the  officers  having  also  Colt's  pistols  and  fifty 
rounds.  Every  one  carried  a  blanket  and  a  haversack  containing  provisions  for  ten  days,  which 
Strain,  depending  upon  the  statements  of  Gisborne  and  CuUen,  most  unfortunately,  believed  would 
be  sufficient  to  carry  his  party  across  the  Isthmus  and  back.  He  had  reason  to  expect  that,  once 
over,  he  could  supply  any  deficiency  from  H.  M.  S.  Virago,  which  he  knew  to  be  stationed  in 
Darien  Harbor,  in  connection  with  an  English  exploring  party.  The  reconnaissance  on  which  he 
now  entered  was  to  be  only  preliminary  to  a  fuller  one,  the  equipment  for  which  was  in  part  left 
on  board  the  Cyane. 

January  20  his  work  began,  a  small  party  exploring  for  paths  on  each  side  of  the  Caledonia 
River.  At  noon  he  loaded  a  boat  with  provisions  and  took  it  up  stream,  while  the  main  body  cut 
a  path  one  and  a  half  miles  through  the  woods  and  canebrake.  Continuing,  they  followed  the 
windings  of  the  river,  which  was  generally  shallow  and  clear.  Three  and  a  half  miles  from  the 
beach  the  canoe  was,  of  necessity,  left  near  a  deserted  hut,  which  already  gave  signs  of  the  distrust 
to  be  fully  experienced  on  the  part  of  the  natives.  The  estimated  descent  of  the  river  had  increased 
from  6  feet  for  the  first  mile  to  16  for  the  second,  and  to  30  for  the^  third.  The  stream  was  also 
yet  more  rapid  and  clear,  indicating  its  source  in  the  mountains. 

Early  next  morning  the  men  crossed  a  ford,  waist  deep,  and  found  the  river  divide,  its  eastern 
branch  appearing  the  larger.  (This  was  the  stream  which  Gisborne  followed  down  when  he  met 
the  Indians.)  Much  to  Strain's  surprise,  he  already  saw  that  the  whole  valley  was  inclosed  by  a 
semicircular  range  of  mountains  abutting  on  the  Coast  range,  and  forming  a  barrier  with  height.^ 
from  1,000  to  3,500  feet.  Carefully  examining  the  country,  he  could  see  no  opening  in  any  direction ; 
yet,  as  Mr.  Gisborne  had  stated  over  his  professional  signature  that  there  was  an  elevation  to  be 
overcome  of  but  150  feet,  and  his  maps  were  in  hand.  Strain  was  confident  there  must  be  some 
lower  summit  which  he  had  not  approached.  He  therefore  continued  at  first  to  follow  the  eastern 
branch — the  larger,  and  appearing  the  most  likely  to  cut  the  Cordillera — until  he  found,  at  sunset, 
that  it  was  leading  him,  by  a  series  of  rapids  and  cascades,  away  from  the  Pacific  and  into  the 
highest  of  the  ranges.  While  ascending  this  branch  he  had  passed  through  a  second  deserted 
village,  which  he  thought  would  hold  as  many  as  800  men.  Above  this  he  met  three  Indians,  one 
of  whom  endeavored  to  persuade  him  to  leave  the  eastern  branch  and  follow  him  towards  the 
southwest,  but  Strain  did  not  think  this  man  was  to  be  trusted.  He  soon,  however,  found  himself 
comi)elled  to  return,  as  the  stream  became  more  and  more  rapid,  tumbling  over  a  rocky  bed,  and 
diverging  still  more  to  the  east.  An  advance  party  came  to  banks  yet  higher  and  higher,  with 
elevations  of  200  feet,  while  the  distance  from  the  beach  by  windings  was  about  9  miles.  This 
branch  was  at  once  seen  to  be  utterly  useless  for  any  canal  project. 

Beturning  to  the  southwest  branch,  and  ascending  it  the  next  morning,  all  progress  there  was 
efiectually  barred  by  a  cafion  too  deep  to  be  forded  and  having  high  precipitous  banks.  Two 
Indians  here  met  them,  bringing  a  letter  from  Commander  Hollins,  informing  Strain  that  he  had  had 
an  interview  with  an  Indian  called  Robinson,  a  messenger  from  the  San  Bias  tribes,  and  that  the 
bearer  would  guide  them  to  the  Pacific ;  but  either  there  had  been  some  deception  practiced,  or,  as 
seems  more  probable.  Strain,  in  his  distrust  of  the  Indian,  misunderstood  him,  and  thought  that 
the  bearer  of  the  message  was  desirous  only  that  he  should  return  with  him  to  the  beach.  He 
took  a  letter  back  to  the  commander.  Strain  subsequently  believed  that  this  man  would  have  led 
him  to  the  Pacific. 

The  progress  of  the  party  now  became  more  and  more  difficult,  the  rocks  larger,  the  descent  70 
feet  to  the  mile,  and  the  hills  almost  precipitous.  Word  was  then  given  to  scramble  up  the  hill  as 
each  one  best  could,  and  rejoin  on  the  stream  beyond  the  gorge.  The  party,  therefore,  took  dif- 
ferent routes,  some  climbing  the  steep  banks  near  the  canon,  while  Strain,  with  a  majority  of  the 
officers,  sought  an  easier  ascent  about  100  yards  below.    While  ascending  he  discovered  a  faint 
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Indian  trail,  which  he  felt  confident  led  to  the  Pacific.  He  immediately  made  the  customary  recall 
of  all  his  men,  and,  hearing  the  answer  as  coming  from  some  distance  up  the  river,  supposed  the 
answexing  party  were  onl3'^  looking  for  an  easier  ascent  to  rejoin  him,  and  so  continued  on  the 
westward  trail,  which  carried  him  over  the  divide ;  descending  its  westward  slope,  he  came  to  a 
stream  which,  according  to  the  maps  of  Gisborne,  was  a  branch  of  the  Savana;  it  was  the  Forti, 
tributary  to  the  Sucubti.  He  had  crossed  three  peaks  on  the  trail,  the  highest  of  which  was  esti- 
mated to  be  1,500  feet,  and  the  lowest  1,000 ;  this  lay  on  his  left,  and  was  utterly  impassable.  One 
of  his  men  climbing  a  tree  to  obtain,  if  possible,  a  view  of  the  country,  could  report  nothing  in 
sight  but  mountains  on  mountains.  On  the  Sucubti  he  awaited  until  the  following  morning  the 
coming  of  the  five  for  whom  ho  had  signaled,  but,  despairing  of  their  joining  him,  and  "  feeling 
the  importance  of  pushing  on  as  rapidly  as  possible,'^  he  left  a  note  for  them  and  continued  to 
follow  the  stream ;  it  led  him  into  the  depths  of  the  forest. 

The  five  who  had  been  unable  to  rejoin  him,  Holcomb,  Winthrop,  Bird,  HoUins,  and  the 
seaman  Boscoe,  crossed  the  hills  and  regained  the  river  beyond  the  gorge.  Awaiting  here  for 
some  time  the  arrival  of  the  main  body,  whom  they  supposed  to  be  following,  they  continued  to 
ascend  the  stream  on  which  they  were,  three  miles  farther,  when,  coming  to  a  division  of  the  stream, 
they  left  a  note  for  Strain,  and  took  the  west  branch.  On  the  following  day,  finding  this  now  be- 
coming a  mountainous  torrent,  tumbling  in  cascades  through  a  wild  gorge  in  the  porphyritic  rock 
of  the  chain,  and  assured  that  the  main  body  could  no  longer  be  in  advance  of  them,  they  encamped. 
The  distance  they  had  made  was  estimated  to  be  by  its  windings  about  17  miles ;  the  elevation 
gained,  700  feet.    Engineer  Winthrop's  notes  read: 

*'  We  have  here  impenetrable  forests,  dense  and  dark ;  lofty  mountains;  no  Indians;  very  little 
animal  life;  no  game;  no  snakes;  no  mosquitoes. 

"  Hoping  to  have  an  extended  view  of  the  country,  we  cut  to  the  summit  of  the  Cordillera,  800 
to  1,000  feet ;  but,  from  the  top  of  a  tree  there,  saw  nothing  but  similarly  wooded  mountains,  broken 
only  by  the  valley  of  the  stream.  As  we  have  no  compass  in  our  party,  we  decided  in  council  that 
it  would  be  only  daring  to  start  off  into  the  forest.  We  therefore  retra<5e  our  steps  down  the 
stream ;  we  find  our  notes  untouched.  Eeturning  to  the  gorge,  we  find  no  clew  to  the  meaning  of 
their  having  turned  off  from  the  main  route  appointed.  We  judge  it  necessary  for  us  to  return  to 
the  ship,  by  way  of  the  river,  and  reached  it  at  sunset.^ 

On  the  beach  they  met  the  English  and  French  parties  who  had  landed  on  the  24th  from  the 
Scorpion,  the  Espiegle,  and  the  Chimere.  The  parties  combined  numbered  forty-nine  persons, 
thirty-six  of  whom  were  armed.  The  officers  were  Lieutenant  Preston,  Mr.  Edwards,  and  Assistant- 
Surgeon  Edwards,  from  the  Espiegle;  Lieutenants  Jaur^gueberry  and  Oron  from  the  Chimere; 
Colonel  Codazzi;  Lieutenant  St.  John,  E.  E.;  Dr.  Cullen,  and  Mr.  Gisborne.  They  received  Win- 
throp's  report  with  great  surprise,  but  the  returning  party,  although  they  had  advanced  but  about 
eight  miles  inland,  having  each  evening  heard  the  Cyane's  gun,  had  learned  enough  of  the  Isthmus 
to  report  to  these  new-comers,  and  to  the  commander  of  the  Cyane,  that  the  plain  described  by 
Gisborne  does  not  exist;  that  they  had  found  the  Cordilleras  a  broad  mass  of  porphyritic  rock, 
heavily  wooded,  from  the  highest  point  of  which  no  open  country  could  be  seen.  Both  branches 
of  the  Caledonia  followed  up  had  been  found  to  be  rapid  streams  having  their  sources  in  great 
elevations. 

Winthrop's  report  occasioning  grave  fears  for  the  safety  of  Strain  and  his  men,  Commander 
HoUins  on  the  following  day  equipped  a  small  force  under  Lieut.  C.  M.  Fauntleroy,  well  supplied 
with  provisions,  to  relieve  and  recall  the  party,  if  possible;  suggesting  to  Strain,  in  a  letter  sent, 
that  he  would  do  better  if  he  returned,  and,  if  necessary,  renew  the  attempt  with  a  fuller  equip- 
ment. When  writing  of  this  afterwards  to  the  Secretary  of  the  Navy,  Commander  Hollins  gave 
as  his  chief  reasons  for  sending  this  party  out,  that  he  was  satisfied  from  his  own  personal  obser- 
vation, as  well  as  from  the  accounts  received,  that  erroneous  statements  had  been  given  to  Strain, 
and  that  he  had  taken  a  wrong  route. 

On  reaching  the  upper  forks  of  the  Caledonia,  beyond  the  gorge,  Fauntleroy  detached  seven  of 
his  party,  including  Winthrop,  Holcomb,  and  Bird,  well  supplied  with  provisions,  to  search  for 
Strain  up  the  west  branch.  They  followed  this  to  the  divide,  and  crossing  over  soon  came  into 
the  bed  of  the  Forti,  and  on  the  26th,  while  following  it,  came  upon  the  letter  which  Strain  had 
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left  for  them.  In  it  he  directed  that  if  the  separated  party  should  not  reach  that  place  until  late 
in  the  evening  of  the  day  of  their  separation,  they  would  do  better  if  they  should  return  to  the  ship, 
for  he  would  be  too  far  ahead  for  them  to  overtake  him.  This,  as  has  been  seen,  they  had  of  their 
own  judgment  wisely  done.  Lieutenant  Fauntleroy,  with  Mr.  Hollins  and  eleven  seamen,  sought 
Strain  by  the  eastern  branch ;  his  instructions  also  were  to  cross  the  Isthmus,  if  possible,  by  an 
unexplored  branch  of  the  Caledonia. 

On  the  second  day  out  he  overtook  the  English  and  French  parties  who  had  started  in  with 
Colonel  Codazzi;  and,  at  the  solicitation  of  Mr.  Gisbonie,  Fauntleroy  accompanied  him  and  the 
chiefs  of  the  other  parties  to  the  summit  of  a  neighboring  hill  for  a  view  of  the  whole  country 
beyond ;  the  sight  was  most  unsatisfactory  to  alU  Resuming  the  march,  accompanied  by  Lieutenant 
St.  John,  they  found  the  sources  of  the  branch  trending  too  far  to  the  south  and  east  to  be  hope- 
fully followed;  yet  they  pushed  on,  for  now  having  entered  the  mountains  there  wa«  no  other  way 
of  penetration.  Arriving  at  the  direct  source  of  the  river,  and  then  ascending  the  Cordillera,  they 
found  its  summit  not  less  than  3,000  feet;  from  a  point  500  feet  lower,  a  view  offered  itself  of  the 
Cyane  in  the  offing,  distant  about  15  miles,  estimated,  the  compass  bearing  being  north  5°  west. 

The  sight  of  the  country  from  the  west  side  of  the  range  now  decided  their  future  course ;  for 
as  far  as  the  eye  could  see  southward  and  westward,  nothing  came  within  a  view  which  extended 
from  20  to  30  miles  but  ranges  of  mountains  upon  mountains.  It  was  deemed  totally  useless  to 
explore  farther  in  this  direction.  Fauntleroy  returned  to  the  Cyane,  which  he  reached  in  two  days, 
taking  back  with  him  a  store  of  provisions  that  Lieutenant,  now  Commodore,  Pickering  had  left 
on  his  trail  for  the  use  of  his  party,  should  it  have  been  needed. 

The  operations  of  the  combined  parties  under  Colonel  Codazzi  were  limited  to  the  valley  of  the 
Caledonia,  a;ul  after  three  days  Gisborne  became  convinced  that  the  river  did  not  pass  through  a 
break  in  tbe  Cordilleras,  but  that  tbey,  on  the  contrary,  formed  a  continuous  range.  *'  My  original 
anticipations  on  this  point,"  says  Gisborne,  ^'  were  thus  disproved.  It  then  became  my  duty  to 
explore  the  main  ridge  of  the  Cordillera  to  search  for  a  break  through  them.  With  this  object  the 
valleys  of  the  Caledonia  and  Aglaseniqua  Rivers  and  their  tributaries  were  carefully  examined, 
and  several  attempts  made  to  cross  the  Cordilleras,  but  the  extreme  difficulty  of  moving  about  a 
large  body  of  men  among  steep  hills  thickly  covered  with  wood  and  intersected  by  deep  ravines, 
maile  it  evident  that  the  Isthmus  could  not  be  thus  crossed  without  great  risk  and  danger,  or  suf- 
fering from  want  of  provisions.  After  eleven  days'  exploring,  the  whole  party  (increased  to  one 
hundred  and  twenty  by  the  addition  of  seventy  New  Granadian  soldiers  and  convicts)  returned  to 
the  ships." 

The  experience  gained  during  this  reconnaissance,  proving  the  unwieldy  nature  of  a  large  party, 
was  particularly  applicable  to  the  force  then  in  the  field,  as  the  number  of  different  elements  com- 
posing it  must  have  added  largely  to  its  unwieldy  character.  In  view^  of  this  experience,  Gisborne 
determined  to  procure  a  guide  and  proceed  on  his  reconnaissance  with  a  small  party.  After  many 
conferences,  he  succeeded  in  securing  the  services  of  the  Indian  Robinson  to  accompany  Lieutenant 
St.  John  and  himself,  with  two  men,  as  far  as  the  confluence  of  the  Savana  and  Lara  Rivers,  where 
Mr.  Ford  had  his  headquarters.  It  was  about  this  time  that  news  was  received  of  Prevost's 
attempt  and  its  disastrous  consequences,  and  it  was  feared  that  the  contemplated  exploration  into 
that  region  would  have  to  be  abandoned;  but  Robinson  gave  assurances  that  no  act  of  the  Indians 
was  to  be  feared,  as  they  had  entered  into  a  treaty  and  guaranteed  the  explorers  safety  from 
molestation,  which  was  not  the  case  with  Prevost. 

Gisborne's  plan  received  the  sanction  of  the  English  and  French  commanding  officers,  and  the 
party  started  on  the  7th  of  February,  carrying  five  days'  provisions.  He  rea<5hed  Ford's  head- 
quarters without  accident,  and  during  the  reconnaissance  received  additional  tbnfirmation  of  the 
erroneous  conclusions  he  had  arrived  at  as  a  result  of  his  first  examination  of  the  country.  He 
ascertained  the  height  of  the  pass  in  the  Cordillera  at  the  headwaters  of  the  Caledonia  to  be  930 
feet,  and  that  the  route  was  unsuited  to  such  a  canalization  as  would  satisfy  the  demands  of  com- 
merce. Arriving  at  the  moutb  of  the  Lara,  he  found  that  Ford  had  been  obliged  to  leave  the  field 
on  account  of  sickness ;  and,  in  consequence  of  the  fear  caused  by  Prevost's  loss,  it  had  been 
impossible  to  induce  the  inhabitants  of  Chipigana  or  Yavisa  to  assist  in  forwarding  the  surveys. 


\ 
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The  engineers  were  even  abandoned  by  the  sailors  of  the  vessel  which  had  been  chartered  at 
Panama. 

Gisborne  and  party  having  crossed  in  safety,  and  the  fact  of  having  the  Indian  Bobinson  with 
them,  inspired  confidence  to  a  degree,  and  arrangements  were  finally  made  at  exorbitant  rates  for 
canoes  and  men  to  assist  in  the  surveys.  The  country  was  examined  on  the  line  of  Prevost's  track  and 
for  one  day  beyond,  in  a  northeasterly  direction,  without  being  able  to  reach  the  top  of  the  Cordillera 
or  any  point  from  which  the  Atlantic  could  be  seen.  Deeming  it.imprudent  to  continue  the  recon- 
naissance in  that  direction,  as  they  considered  it  probable  that  the  Indians  into  whose  country  they 
would  penetrate  were  uninformed  of  their  presence,  and  might  become  alarmed,  they  returned  to 
the  Savana,  all  the  party  sufiering  from  fatigue,  and  Gisborne  quite  disabled  from  the  bite  of  a 
Hcorpion.  Notwithstanding  his  condition,  he  made  an  effort  to  recross  to  the  Atlantic  by  the  route 
t  hoy  hml  come  by,  but  owing  to  a  misunderstanding  on  the  part  of  the  Morti  Indians,  they  did 
not  have  canoes  at  the  mouth  of  the  Morti  at  the  appointed  time,  so  he  was  obliged  to  retrace  his 
stops  and  proceed  to  the  Atlantic  side  by  way  of  Panama. 

Meeting  with  no  traces  of  Strain,  and  convinced  that  he  was  not  on  his  way  to  the  Savana, 
GlHborne  endeavored  to  induce  the  Morti  Indians  to  give  him  canoes  to  descend  the  Chuchunaqua, 
as  he  felt  sure  Strain  was  lost  along  its  banks.  "  Mr.  Bennett  had,  by  my  instructions,''  says  Gisborne, 
**  arranged  to  proceed  on  this  service,  but  when  the  time  came,  the  Indians  from  Morti,  who  returned 
aeooixling  to  their  promise  to  the  Chucunaqua  end  of  Prevost's  track,  refused  to  descend  the 
Chucunaqua,  stating  that  the  country  belonged  to  New  Granada,  with  whom  they  were  not  on 
IViondly  terms.  The  authorities  at  Chipigana  and  Yavisa  would  in  no  way  countenance  an  expedi- 
tion to  ascend  the  Chucunaqua,  nor  could  men  or  canoes  be  engaged  for  this  service  on  any  terms. 
The  arrival  of  the  Virago  renewed  my  hopes  of  finding  Strain.  Commander  Marshall  had  received 
instruct  ions  to  seek  redress  for  the  loss  of  four  men  of  the  Virago  in  January  last,  and  to  assist  and 
pn)tect  the  surveys.  These  duties  were  incompatible,  and  at  his  desire  I  wrote  a  letter  urging  the 
abandonment  of  ^seeking  redress'  and  substituting  ^the  search  for  Lieutenant  Strain  and  his 
party.'"  Commander  Marshall  acceded  to  this  request,  and,  after  landing  Gisborne  and  his  assist- 
ants at  Panama,  returned  to  the  Gulf  of  San  Miguel,  where  a  relief  expedition  was  formed  under 
Lieutenant  Forsyth,  who  volunteered  for  the  service. 

THE  SEARCH  FOE  STRAIN. 

In  the  long  interval  elapsing  since  January  22,  the  latest  date  of  an^'  tidings  from  Strain,  the 
efforts  which  had  been  made  by  Commander  Hollins  are  best  learned  from  his  dispatches,  includ- 
ing the  reports  from  his  officers.    Their  action  had  been  substantially  as  follows : 

March  3,  Commander  Hollins  wrote  to  the  Navy  Department  that  several  attempts  bad  been 
made  to  communicate  with  Strain,  both  by  detachments  from  the  Cyane  and  through  the  agency 
of  apparently  friendly  Indians,  but  without  success,  and  that  his  last  dependence  had  been  on  Mr. 
Gisborne,  who  left  Caledonia  Bay  on  the  7th  ultimo,  but  on  the  fourth  evening  of  his  absence  he 
wrote  to  Commander  Hancock,  of  the  Espiegle,  that  he  was  somewhat  alarmed  by  a  report  received 
from  an  Indian  runner  that  the  French  steamer  Chimere  had  gone  to  sea,  taking  several  Indians 
captive.  On  the  rumor  the  guide  had  deserted  the  party,  and  they  were  surrounded  by  excited 
Indians,  though  Eobinson  was  remaining  with  them.  They  could  gain  no  satisfactory  information 
of  the  missing  party  from  the  Indians,  some  saying  that  Strain  was  across  the  Isthmus,  others  that 
the  whole  party  were  devoured  by  wild  beasts.  Commander  Hollins  further  said  to  the  Depart- 
ment that,  under  these  circumstances,  he  had  determined  to  endeavor,  by  proceeding  to  Aspin- 
wall  and  crossing  t^Panama,  to  clear  up  the  mystery  by  instituting  search,  with  the  help  of  a  few 
of  his  officers,  on  tne  Pacific  side,  and  that  Lieutenant  Jaur6guiberry,  of  the  Chimere,  had  kindly 
placed  his  vessel  at  the  disposal  of  Lieutenant  Strain,  if  by  any  possibility  that  officer  should 
make  his  appearance  in  Caledonia  Bay  during  the  absence  of  the  Cyane. 

For  the  decision  to  leave  the  Bay  and  search  on  the  Pacific,  Commander  Hollins  had  the  addi- 
tional reasons  that  the  Indians,  who  had  generally  appeared  friendly  and  frequently  visited  the 
Cyane,  had  recently  ceased  their  visits;  that  in  no  instance  when  parties  from  the  ship  had  attempted 
to  penetrate  their  country  had  they  found  any  villages  not  burned  or  Indian  property  not  abandoned ; 
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and  that  the  New  Granadian,  Colonel  Codazzi,  who  had  gone  inland  five  or  six  miles  with  a  party 
of  120  men,  had  returned  to  say  that  he  could  not  renew  the  attempt  unless  his  force  were  increased 
to  600  men.  The  Secretary  of  the  Navy,  on  receiving  this  dispatch,  immediately  ordered  the  com- 
mander of  the  Cyane  to  use  all  possible  means  and  haste  in  the  search,  adding  that  he  could  not  give 
credence  to  the  rumor  of  Strain's  party  having  been  destroyed  by  wild  animals,  and  that  he  was 
confident,  from  the  intelligence  possessed  by  that  young  officer,  he  would  be  found  to  have  accom- 
plished something  of  his  important  work.  The  Secretary's  order  was  being  virtually  and  eflfectually 
obeyed  while  it  was  on  its  journey  to  the  Isthmus. 

Commander  Hollins,  on  crossing  to  Panama,  deemed  it  advisable  to  send  Lieutenant  Faunt- 
leroy  to  the  Gulf  of  San  Miguel  to  make  a  thorough  search  of  its  shores  and  the  rivers  emptying 
therein,  giving  him  authority  to  charter  a  vessel,  with  men  and  provisions.  At  the  same  time  Com- 
mander Marshall,  of  the  Virago,  officially  informed  Hollins  that  he  purposed  to  proceed  immedi- 
ately to  the  Gulf  and  make  careful  search,  sending  boats  up  the  Chucunaqua  to  the  point  which 
Strain  had  been  last  heard  from  by  rumor.  Commander  Hollins  having  effected,  as  he  believed, 
the  best  possible  arrangements  for  the  search  on  the  Pacific,  and  being  prompted  to  return  to 
Caledonia  Bay  for  new  inquiries,  left  Aspinwall  March  23,  and,  arriving  at  his  anchorage  on  the 
27th,  immediately  sent  Lieutenant  Pickering  to  endeavor  to  procure  guides  at  the  village  of  Sassardi. 
On  the  day  following,  Pickering,  with  a  party  consisting  of  Passed  Midshipman  W.  K.  Mayo  and 
ten  men,  volunteers,  proceeded  up  the  Caledonia  River  under  instructions  to  reach  the  headwaters 
of  the  Chucunaqua,  and,  if  possible,  obtain  some  news  of  the  lost  command.  The  search,  on  account 
of  the  scarcity  of  the  ship's  provisions,  was  limited  to  ten  days.  During  the  a>bsence  of  this  party 
Commander  Hollins  received  a  second  rumor  of  harm  to  Strain's  party  in  a  letter  from  Lieutenant 
Fauntleroy,  stating  that  an  Indian  had  reported,  from  Chepo,  eleven  of  Strain's  men  certainly 
devoured  by  wild  beasts.  By  the  29th  March  Lieutenant  Pickering  had  gained  a  point  twelve 
miles  down  the  Sucubti,  when  he  was  recalled. 

In  the  mean  time,  Fauntleroy,  at  Panama,  had  met  with  a  messenger  from  the  Chepo  Indians,  who 
had  come  in  to  a*sk  the  protection  of  the  governor  for  the  friendly  Indians,  who,  they  feared,  would 
be  implicated  in  the  massacre  of  Prevost's  men.  As  the  Yirago  was  to  institute  a  search  in  the 
vicinity  of  the  Gulf  of  San  Miguel,  and  believing  it  would  be  wise  for  him  to  seek  news  of  Strain 
through  the  Chepos,  who  had  communication  with  the  tribes  of  the  interior,  endeavored,  with 
Consul  T.  W.  Ward,  to  assist  the  Indians'  errand  with  the  governor,  but  failed  to  find  that  officer 
true  to  a  professed  willingness  to  furnish  the  desired  guarantee. 

On  the  14th  of  March,  however,  Fauntleroy  left  Panama  on  the  search,  accompanied  by  Mr. 
Charles  Zachrisson,  the  Swedish  consul,  '^a  gentleman  of  family  and  fortune,  who,  forsaking  the 
comforts  of  home,  joined  in  the  search  as  a  volunteer."  Arriving  at  Chepo,  they  found  that  the 
friendly  Indians  had  passed  through,  avoiding  observation.  The  natives  of  the  village  knew  nothing 
of  the  massacre.  The  men,  however,  were  now  thoroughly  alarmed  at  the  news  brought  by  Faunt* 
leroy,  and  refused  their  assistance.  He  could  get  help  from  two  boys  only  to  convey  them  in  a 
canoe  up  the  Chepo,  which  they  followed  for  75  or  80  miles.  All  the  way  along  information  was 
obtained  of  the  fugitive,  and,  at  one  place,  of  his  taking  with  him  all  the  young  Indians  indentured 
to  the  whites,  and  leaving  word  that  any  party  following  him  would  be  killed  should  they  meet. 
Proceeding  a  short  distance  above  the  river  Canito,  and  finding  all  the  settlements  deserted,  it  was 
deemed  fruitless  to  prosecute  the  search  further  in  that  direction.  Returning,  he  arrived  at  Panama 
on  the  evening  of  March  26,  and  received  the  news  that  Strain  had  come  out  on  the  Gulf  of  San 
Miguel,  and  immediately  communicated  it  to  Commander  Hollins  through  the  United  States  consul. 

Commander  Hollins,  receiving  the  dispatch  by  a  chartered  vessel  from  the  consul  at  Aspinwall. 
Mr.  G.  W.  Fletcher,  recalled  Pickering,  and  sailed  on  the  31st  of  March  for  Carthagena  for  a  supply 
of  provisions  not  obtainable  at  Aspinwall,  detaching,  however,  from  the  Cyane  Assistant  Surgeon 
(now  Medical  Director)  Peck,  to  take  passage  on  the  vessel  returning  to  Aspinwall,  and  to  report 
to  Strain  for  duty.    He  bore  orders  for  Strain  to  report  on  board  the  Cyane  at  Carthagena. 

On  reaching  Aspinwall  Surgeon  Peck  learned  that  no  communication  could  be  had  with  Car- 
thagena until  the  23d  of  the  following  month,  and  that  as  provisions  could  now  be  obtained  at  that 
port,  wrote  to  Commander  Hollins,  suggesting  that  the  Cyane  should  come  to  Aspinwall,  and  the 
suggestion  being  approved,  the  ship  arrived  there  April  14.  On  the  16th  Strain  himself  reported. 
H.  Ex.  107 8 


58       INTEROCEANIO  COMMDNIOATIOK  BY  WAY  OP  AMERICAN  ISTHMUS. 

strain's  joubney. 

Strain  y  in  the  interval,  bad  followed  the  Sucubti  until  the  25th  of  January,  on  which  day  he 
passed  a  deserted  Indian  village,  the  natives  having  continually  hung  around  his  path  without 
opposing  his  march.  Fording  the  river,  he  met  on  the  opposite  bank  five  natives.  "The  leader^ 
who  spoke  Spanish,  I  recognized  as  having  been  on  board  of  the  Cyane,  and  among  the  men  to 
whom  I  had  offered  a  large  sum  of  money  if  he  would  act  as  our  guide.  I  bad,  therefore,  every 
reason  to  believe  that  he  had  met  us  for  the  purpose  of  accepting  our  conditions,  and  had  tendered 
his  services  in  good  faith.  This  opinion  I  have  had  no  reason  to  change ;  but  as  they  led  us  by  a 
path  from  the  Sucubti,  I  secretly  gave  orders  that  our  route  should  be  scrupulously  noted  by  the 
officers,  and  that  the  trees  should  be  marked  by  the  rear  guard,  in  order  to  facilitate  our  return  in 
case  they  abandoned  us."* 

The  next  day's  march  was  the  most  trying  one  they  had  yet  endured.  At  its  end  they  encamped 
on  an  island  in  a  river  which  proved  to  be  the  Chucunaqua.  They  here  met  the  Chucunas  in  force, 
and  were  refused  a  passage  through  their  territory.  The  chief  addressed  a  long  speech  to  Strain, 
but  the  guide  refused  to  interpret  it,  and  stated  that  he  must  return  to  Caledonia  Bay ;  that  the 
Chucunas  would  guide  the  party  to  the  Savaua,  which  would  be  reached  in  two  days,  and  would 
then  supply  canoes,  in  which  they  could  reach  Darien  Harbor  at  the  end  of  the  third  day.  He 
not  only  refused  compensation,  but  also  refused  to  take  a  letter  to  Commander  Hollins,  and,  with 
his  four  companions,  suddenly  disappeared  in  the  forest,  overawed  by  the  Bravos. 

On  the  27th  of  January  they  were  eight  days  from  the  beach,  and  Strain  was  informed  that  some 
of  the  men  were  totally  without  provisions ;  the  two  New  Oranadians  had,  during  the  fii*st  days  of 
their  journey,  cast  their  supplies  aside,  unable  to  bear  the  burden.  Ascertaining  the  truth  of  this, 
he  ordered  the  officers  to  divide  their  food  with  the  men,  and  then  found  that  for  the  whole  party  there 
remained  provisions  for  one  day  only.  Plantains  and  bananas  were  abundant  in  the  vicinity  of 
the  camp,  but  the  Indians  would  neither  sell  nor  give,  and  feeling  bound  by  his  promises  to  the 
chiefs  on  board  the  Cyane  he  determined  to  await  a  greater  emergency  before  taking  them  by 
force. 

Early  in  the  morning  five  Chucunas  appeared,  armed  with  metal-pointed  arrows,  which  they 
use  only  in  warfare,  pointed  arrows  of  hard  wood  being  used  for  hunting.  From  the  moment  they 
appeared  Strain  suspected  them  of  treacherous  intent,  but  did  not  deem  himself  justified  in  declin- 
ing their  services.  They  led  him  down  the  Chucunaqua  about  two  miles,  and  then  took  a  trail  on  the 
right  bank  which  led  to  the  westward.  Guiding  the  pariy  by  this  trail  for  some  distance  into  the 
forest,  they  suddenly  disappeared.  The  path  was  followed  until  it  terminated  at  a  deserted  hut ; 
from  this  point  Strain  retraced  his  steps,  and  with  much  difficulty  found  his  way  back  to  the  river, 
where  he  determined  to  obtain  the  opinions  of  the  officers  and  engineers  in  council.  ^^  We  had  no 
li^uides,  but  we  had,  on  the  other  hand,  seven  days'  hard  march  between  us  and  the  ship,  and  had, 
moreover,  every  reason  to  expect  Indian  hostility  on  our  return.  The  moral  effect  of  a  retrograde 
movement  upon  our  own  party,  whose  pride  revolted  at  the  idea  of  a  failure,  had  its  influence  upon 
the  decision.  We  had  served  out  our  last  provisions ;  but  up  to  that  time  we  had  always  found 
plantains  upon  the  banks  of  the  river,  and  had  every  reason  to  believe  that  the  supply  below  would 
be  ample  for  all  our  wants;  for  after  the  flagrant  treachery  of  the  Indians  we  felt  ourselves  no 
longer  bound  by  the  stipulations  made  on  board  the  Cyane.  In  this  respect  our  expectations  were 
measurably  realized,  as  for  three  days  we  obtained  an  ample  supply  of  plantains  and  bananas 
from  deserted  plantations.  The  question  which  the  council  was  called  upon  to  decide  was  whether 
it  was  most  expedient  to  march  through  the  forest  direct  for  the  Savana,  and  thus  incur  the  danger 
of  perishing  from  thirst  either  on  the  march  or  among  the  mangrove  swamps,  which  we  were 
aware  fringed  its  banks  for  more  than  forty  miles  above  Darien  Harbor,  or  to  adopt  the  more 
cautious  course  of  a  tedious  journey  by  the  river  on  which  we  then  were,  and  on  the  banks  of  which 
we  expected  to  meet  white  inhabitants  above  the  point  at  which  the  mangrove  swamps  and  brackish 
water  would  be  found.    It  was  unanimously  decided  to  follow  the  Chucunaqua,  and  all  our  subse- 

*  This  quotation,  and  those  which  follow,  are  from  Lieutenant  Strain's  paper  on  interooeanio  communication, 
which  oontains  much  matter  relating  to  the  Journey  not  found  in  bis  report  to  the  Secretary  of  the  Navy,  called  forth 
by  ungenerous  criticisms  made  by  Codazzi. 
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qnent  information  proves  that  this  decision  was  the  salvation  of  the  party.  No  proposition  to 
return  to  the  ship  was  made,  and  I  believe  that  every  one  felt  that  a  transit  from  sea  to  sea  wonld 
satisfy  the  world  as  to  the  impracticability  of  the  project  for  constructing  a  ship-canal  and  make 
our  work  complete,'' 

From  the  date  of  the  desertion  of  the  American  party,  January  27,  its  record  is  that  of  a  journey 
protracted  far  beyond  their  expectations ;  of  privations,  extreme  sufferings,  and  even  death,  born 
with  heroic  fortitude.  From  the  27th  to  theSlst  of  January  they  proceeded  along  the  tortuous  course 
of  the  Chucunaqua,  following  its  right  bank,  cutting  their  way  with  great  labor  through  the  jungle 
and  subsisting  upon  the  products  of  the  deserted  plantations.  Encouraged  by  the  seemingly  rapid 
rate  of  progress,  they  attempted  to  shorten  the  journey  by  following  compass  courses  across  the 
bends  of  the  river,  and  on  their  first  attempt  lost  the  river  for  three  days.  During  this  period 
subsistence  was  obtained  only  from  a  few  wild  turkeys,  some  smaller  game,  and  a  monkey.  A 
small  quantity  of  palmetto,  or  cabbage  palm,  and  some  acid  palm  nuts,  the  latter  proving  disastrous 
to  the  enamel  of  the  teeth  and  the  coating  of  the  stomach,  served  to  eke  out  the  scant  supply  of 

food. 

«  

On  the  4th  of  February  a  halt  was  made  and  two  days  spent  in  the  construction  of  a  raft, 
which,  when  completed,  had  sufficient  buoyancy  to  support  Truxtuu,  the  two  New  Oranadians, 
Messrs.  Boggs  and  Kettlewell,  and  one  of  the  seamen.  Strain,  with  the  main  body,  followed  the 
banks  until  sunset,  when  a  signal  of  distress  called  him  to  the  raft.  To  his  disappointment,  he 
found  it  blockaded  by  a  palosada — a  dam  of  driftwood ;  he  reluctantly  ordered  its  abandonment* 
From  that  time  until  the  12th  of  February  they  continued  cutting  their  way  through  the  thick 
jungle.  Oame  was  scarce,  and  life  was  sustained  principally  by  the  acid  palm  nuts.  Want  of 
proper  food  and  severe  labor  was  now  telling  rapidly  on  the  party.  The  rate  of  progress  had 
diminished  by  the  necessity  for  frequent  halts.  Feeling  aware  that  all  must  perish  before  emerging 
from  the  forest  at  this  slow  rate  of  traveling.  Strain  took  advantage  of  a  halt  rendered  necessary 
by  the  condition  of  the  New  Oranadians  and  devoted  the  afternoon  of  the  12th  of  February  to  the 
construction  of  a  rafb.  The  wood  selected  was  the  lightest  that  could  be  obtained,  but  upon  trial 
it  was  found  that  though  it  would  float  it  would  support  no  additional  weight. 

At  length,  on  the  13th,  Strain  determined,  in  order  to  save  the  main  body,  to  advance  in  person 
for  assistance,  and  called  for  volunteers,  from  six  of  whom  he  selected  Mr.  Avery,  Oolden,  and 
Wilson,  the  strongest.  Placing  the  party  formally  under  Truxtun's  command,  he  set  out  on  his 
journey,  and  by  the  end  of  the  day  was  gratified  by  thinking  he  had  advanced  18  miles.  This 
distance  was  greatly  overestimated.  On  the  14th  swamps  and  an  impenetrable  jungle  impeded 
his  progress,  and  in  the  evening  he  halted  near  some  driftwood,  from  which  he  constructed  a  raft. 
Here  he  also  found  some  acid  nuts,  which  was  the  first  food  he  had  eaten  for  two  days.  Wrecked 
several  times,  and  twice  narrowly  escaping  with  their  lives,  they  were  compelled  to  abandon  the 
raft  on  the  16th  and  continue  the  journey  by  land.  Boils  and  sores  now  made  their  appearance, 
and  attacking  their  legs  and  feet,  rendered  their  progress  slow  and  painful.  Mr.  Avery  suffered 
very  much  from  this  cause,  but  all  were  much  debilitated,  and  Golden  kept  up  with  the  greatest 
difficulty. 

March  2,  the  river  being  found  freer  from  rapids  and  snags,  a  raft  was  again  constructed, 
with  which  they  started  on  the  3d.  At  the  end  of  the  journey  of  the  following  day  they  were 
encamped  near  a  shallow  rapid,  which,  as  they  were  thinking  of  the  uncertainties  still  before  them, 
suddenly  ceased  its  murmurings  and  by  its  silence  announced  the  incoming  Pacific  tide.  Buoyed 
up  by  this  happy  revelation,  the  journey  was  hopeftilly  continued.  On  the  9th  of  March,  at  a  point 
20  miles  above  Yavisa,  some  friendly  Indians  encountered  the  party  and  brought  them  into  the 
settlement,  originally  an  Indian  mission  established  in  1747  by  the  Jesuits.  The  men  who  now 
sought  its  shelter,  after  twenty-four  days'  separation  from  their  comrades,  were  almost  totally 
exhausted  through  want  of  food  and  rest,  their  bodies  wounded  and  sore,  and  scarcely  covered 
with  the  remnants  of  clothing  left  to  them. 

Strain  here  learned  that  the  Virago  was  in  Darien  Harbor,  but  expected  to  sail  in  three  days 
for  Panama.  As  it  was  all-important  to  intercept  her,  he  accepted  Mr.  Avery's  offer  to  return  for 
the  relief  of  Truxtun,  and  at  once  proceeded  to  engage  men  and  canoes  for  this  service.  The  diffi- 
culty in  obtaining  provisions  prevented  the  relief  party  from  setting  out  until  9  p.  m.  the  following 
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evening,  March  10.  The  main  party  having  had  orders  to  follow  the  river  by  easy  marches,  Strain 
had  no  donbt  of  their  being  relieved  and  brought  down  before  he  conld  return  from  the  Virago. 

A  scarcity  of  canoes  compelled  Strain  to  wait  until  the  11th  of  March  before  he  conld  obtain 
transportation  to  Santa  Maria,  and  at  that  place  he  obtained  a  canoe  of  sufficient  size  to  navigate 
the  lower  waters  of  the  river.  On  the  12th  he  arrived  at  Chipngana  and  learned  that  the  Virago 
had  sailed  for  Panama  on  the  10th,  to  be  absent  six  days.  He  was  also  informed  that  the  Atlantic  and 
Pacific  Junctiou  Company,  whose  engineers  and  employes  were  under  the  control  of  Mr.  Gisbome, 
had  a  depot  of  supplies  on  the  Savana,  at  the  mouth  of  the  Lara.  The  violent  wind  that  day  prevented 
his  obtaiuing  boatmen  willing  to  take  him  across  the  bay,  but  he  was  enabled  to  set  out  before  day. 
light  the  next  moruing,  and  in  the  afternoon  arrived  at  the  depot,  where  he  obtained  provisions  and 
money  from  Mr.  W.  C.  Bennett.  Returning,  he  arrived  at  Yavisa  on  the  night  of  the  14th  of  March 
and  awaited  intelligence  from  the  relief  party.  "  That  night  and  the  next  were  passed  in  sleepless 
anxiety,  but  I  was  helpless.  I  could  obtain  no  canoes  or  men,  and  by  following  up  the  river  I  was 
placing  myself  in  a  position  where  I  would  be  powerless.  Before  daylight  on  the  second  night  Mr. 
Avery  suddenly  burst  into  the  house  of  the  padre  where  I  was  domiciled.  My  first  question  was, 
'Have  you  brought  the  party!'  He  replied,  *I  have  brought  one;  I  have  brought  Parks.'  His 
story  was  soon  told.  Lie  had  reached  the  point  where  we  had  encamped  the  first  night  after  the 
separation,  and  which  Truxtun  had  reached  with  the  main  body  in  four  days ;  there,  suspended  on 
a  cross  which  marked  the  grave  of  the  first  victim.  Holmes,  was  a  letter  addressed  to  me,  stating 
that  as  twenty  days  had  elapsed,  all  hopes  of  my  safety  had  been  abandoned,  and  that,  yielding 
to  the  solicitations  of  the  party,  he  hiid  determined  to  regain  the  Indian  country,  and,  after  recruit- 
ing, to  attempt  to  reach  the  ship.  Their  condition  was  vividly  portrayed  by  the  expression,  '  For 
God's  sake,  hnstcu  after  us,  for  we  are  nearly  star\ing.'  '^ 

Avery  had  gained  "hospital  camp,"  when  the  sight  of  Holmes's  grave  alarmed  the  canoemen. 
Fearing  the  Indians,  they  refused  to  proceed;  entreaties  and  pecuniary  offers  were  unavailing, 
and  the  relief  party,  which  was  certainly  within  eight  hours'  journey  of  the  main  bodj^,  returned 
unsuccessful.  On  their  descent,  and  about  ten  miles  below  the  last  camp.  Parks,  who  had  been 
accidentally  separated  from  Truxtou's  party,  was  found  in  the  last  stage  of  exhaustion.  He  wa« 
almost  delirious,  and  soon  after  arriving  at  Yavisa  became  thoroughly  so,  and  died  within  a  few 
hours. 

Before  it  was  yet  light.  Strain  made  arrangements  with  the  authorities  to  send  back  the  canocvs 
with  another  party,  which  he  demanded  should  be  placed  under  military  discipline,  to  insure,  if 
possible,  their  obedience.  Notwithstanding  this  precaution,  he  was  unwilling  to  trust  the  safety 
of  his  party  to  such  men  as  the  natives  had  proved  themselves  to  be,  and  leaving  Mr.  Avery  and 
the  padre  to  superintend  the  funeral  of  Parks,  and  the  former  with  orders  to  push  up  rapidly  with 
canoes  and  provisions  as  soon  as  the  party  could  be  collected,  he  hastened  to  seek  aid  from  the 
Virago,  which  was  expecte<l  to  arrive  in  Darien  Harbor.  Eighteen  miles  below  Yavisa  he  dis- 
covered the  Virago's  boat  ascending  the  river  with  all  the  rapidity  obtainable  from  oars  and  tide. 
"  I  now  felt  that  my  party  was  secure  from  danger,  as  savages  could  not  intimidate  so  gallant  a 
people  as  the  English  when  bound  on  an  errand  of  charity  and  mercy.  It  was  to  the  promptness, 
energy,  and  kindness  of  heart  of  the  generous  Bennett  that  we  were  indebted  for  this  prompt 
assistance,  as  the  night  previous,  upon  the  arrival  of  the  Virago,  he  had  paddled  himself  some 
twenty-five  miles  in  a  canoe  to  give  information  of  my  arrival,  the  position  of  the  party,  and  to 
request  that  men  should  be  dispatched  to  our  assistance.  While  alluding  to  this  gentleman,  whose 
liberality  and  generous  services  entitle  him  to  the  complimentary  letter  of  thanks  written  to  him  by 
the  Secretary  of  the  Navy,  gratitude  demands  that  I  shonld  allude,  at  least  briefly,  to  another  evi- 
dence of  his  self-sacrificing  disposition  and  anxiety  to  serve  us  to  the  utmost.  The  English  officers, 
perhaps  in  view  of  the  disasters  of  their  previous  expedition  into  the  country,  were  instructed  not 
to  leave  the  river  or  their  canoes ;  and  as  it  at  one  time  appeared  probable  that  we  would  not 
overtake  the  party  at  a  navigable  point,  he  privately  offered  to  load  himself  with  provisions  and 
accompany  me  through  the  forest  until  we  had  overtaken  them,  and  this,  too,  although  he  had 
been  expressly  prohibited  by  Gisborne  from  attempting  to  cross  the  Isthmus,  and  was  suffering 
severely  from  the  gnsano  del  monte,  or  wood  worm,  which  had  perforated  his  foot.  This  was 
the  man  to  whose  efforts  we  owe  most  for  assistance,  and,  although  not  in  a  position  to  be  bene- 
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fited,  as  were  the  officers  of  the  Virago,  by  the  good  offices  of  our  Government,  he  will  live  long 
in  the  grateM  memory  of  what  Colonel  Codazzi  is  pleased  to  call  the  ^unfortunate  Darien  expe- 
dition of  the  North  Americans.'" 

Strain  embarked  in  the  Virago's  boat  and  arrived  that  night  at  Yavisa,  where,  after  much  diffi- 
culty, he  obtained  some  canoes,  and  the  next  day  pushed  up  the  river.  "  Having  now  obtained 
reliable  coadjutors,"  says  Strain,  "I  was  less  anxious  for  the  services  of  the  New  Oranadian  levy, 
but  left  orders  for  them  to  follow  as  soon  as  they  could  be  collected.  Eleven  joined  us  the  next 
afternoon,  and  soon  after,  meeting  a  rapid  which  the  boat  could  not  pass,  she  was  left  in  charge 
of  some  eight  men,  while  the  united  parties  followed  up  the  river  with  all  the  speed  which  could 
be  induced  by  an  exalted  enthusiiism."  The  prospect  was  encouraging  until  the  morning  of  the 
23d  of  March,  when  the  New  Granadians  again  showed  their  fear,  and  notified  Strain  that  they 
would  on  no  account  proceed  further  than  that  day's  journey,  end  where  it  might.  Reserving 
until  occasion  should  call  forth  such  means  as  he  had  to  overawe  them  into  obedience,  Strain 
continued  the  journey,  and  soon  after  starting  came  upon  the  grave  of  Seiior  Castello,  and 
stretched  upon  it  was  the  dead  body  of  his  countryman,  Senor  Polanco.  Saddened  by  this 
sight,  and  with  misgivings  as  to  the  fate  of  the  party,  the  relief  pushed  rapidly  on  until  sunset, 
when,  on  turning  a  bend  of  the  river,  they  discovered  a  portion  of  the  party  on  the  bank.  "  Three 
hearty  cheers  passed  along  the  line  of  canoes,  which  was  instantly  responded  to  by  a  similar 
Anglo-Saxon  expression  of  joy  and  welcome  from  the  suffering  party." 

Upon  landing,  those  who  were  immediately  upon  the  bank  crowded  around  Strain  to  express 
their  satisfaction  at  the  arrival  of  relief,  and  of  his  own  safetj',  of  which  they  had  despaired.  Only 
one  showed  much  excitement,  occasioned  by  a  high  and  noble  anxiety  to  know  whether,  in  his  dire 
position,  and  with  the  responsibility  of  the  party  resting  upon  him,  he  had  done  what  was  best  for 
the  general  welfare.  "Immediately  after  landing,  Mr.  Truxtun  rushed  toward  me,  threw  his  arms 
around  my  neck,  and  sobbing  from  the  effects  of  concentrated  emotion,  said, '  My  God,  captain,  did 
I  do  right  in  coming  back  f '  Several  were  enfeebled  to  the  last  degree,  and  at  least  four  would 
never  have  marched  from  the  spot,  but  all  had  made  a  march  of  several  hours  that  day,  and  there 
was  nowhere  an  evidence  of  despair.  The  two  who  were  most  feeble,  and  subsequently  died, 
expressed  their  gratification  at  my  safety,  and,  with  a  noble  generosity  seldom  paralleled,  appeared 
to  merge  their  own  sufferings  and  dark  prospects  in  the  satisfaction  they  felt  at  the  relief  which 
had  arrived  for  others,  accompanied  as  it  was  by  one  who,  whether  deserving  or  not,  possessed 
their  confidence  and  was  mourned  for  as  dead.  It  is  difficult  to  restrain  my  indignation  when 
reading  such  an  attempt  to  brand  the  members  of  my  party  as  despairing  imbeciles  and  lost  to  all 
feeling  save  the  animal  instinct  of  self-preservation,  when  I  remember  that  dying  men  who  could 
scarcely  raise  their  attenuated  arms  to  take  my  hand  concealed  their  own  danger  and  suffering  to 
avoid  giving  me  additional  pain.  One  who  survived,  but  was  unable  to  rise  from  the  ground, 
respectfully  touched  his  hat  and  expressed  his  pleasure  at  my  return,  remarking  at  the  same  time 
that  it  was  fortunate  for  him  and  four  others  that  I  had  returned,  as  they  would  not  have  been 
able  to  proceed  the  next  day.  Another,  two  days  after,  asked  me  to  shake  hands  with  him,  and 
apologized  in  a  feeble  voice  for  not  being  able  to  rai^  his  arm  from  the  ground,  but  expressed  him- 
self hopefully  as  to  his  recovery.  When  I  knelt  by  the  side  of  my  old  and  tried  friend,  Mr.  Boggs, 
and  begged  him  not  to  feel  dispirited,  as  we  had  all  of  us  now  the  means  of  safety,  he  replied,  with 
a  feeble  pressure  of  his  hand,  ^  I  do  not  think  I  shall  die  now,  captain,  but  it  is  fortunate  for  me 
that  you  have  arrived,  as  I  should  not  have  been  able  to  go  on  to-morrow.'  Upon  our  arrival,  the 
journal  of  the  day  had  been  written,  and  in  it  was  expressed  the  expectation  of  making  a  long 
march  on  the  morrow.  The  five  whom  I  had  first  greeted  on  the  river  bank  had  gone  down  with 
the  intention  of  bathing.  The  camp-fires  had  been  lighted,  one  for  the  men  and  the  other  for  the 
officers,  and  fuel  provided  for  the  night.  Even  in  their  extreme  distress,  distinction  of  rank  was 
carefully  preserved,  and  though  the  officers  assisted  in  forming  a  camp  for  the  men  who  were  less 
able  to  endure  extreme  fatigue  and  deprivation,  common  misery  had  not  leveled  distinction,  as  is 
so  generally  the  case  in  extreme  suffering.  The  condition  of  things  elicited  from  the  English 
officers  the  remark  that  <  this  was  the  perfection  of  military  discipline.'  If  I  write  with  feeling  upon 
this  subject,  I  beg  that  I  may  be  pardoned,  and  that  it  be  remembered  that  I  am  not  writing  of 
myself,  but  of  the  gallant  and  enduring  band  who  had  been  confided  to  my  care." 
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Those  who  had  died  were  Holmes,  Parks,  Costello,  Polanco,  and  Lombard.  The  death  of  the  last 
named  casts  perhaps  the  deepest  shade  on  the  whole  picture.  Stem  necessity  had  brought 
about  the  unanimous  decision  that  he  who  should,  from  time  to  time,  prove  totally  unable  longer 
to  march,  must,  for  the  common  safety,  be  abandoned,  and  it  came  to  the  turn  of  Lombard,  once  one 
of  the  strongest  of  the  Cyane's  crew,  to  have  this  decision  against  himself.  Strain  says :  "  That  last 
scene  in  life's  drama  of  a  faithful  servant  of  the  Government,  and  a  just  man,  deserves  a  pen 
superior  to  mine.  I  can  appreciate,  but  cannot  describe  it.  Lying  on  the  bank  within  reach  of  the 
water  of  the  river,  with  a  tin  pot  to  supply  his  wants,  and  a  fire  near  him,  he  awaited  a  decision 
which  involved  not  his  life  only,  for  that  he  was  aware  was  well-nigh  sped,  but  the  companionship 
which  had  thus  far  sustained  him,  even  in  the  depths  of  misery.  Although  it  had  been  unanimously 
determined  many  days  before  that  those  who  could  not  march  with  the  party  should  be  abandoned 
to  secure  the  common  safety,  it  was  hard  to  part  with  an  o]d  and  tried  companion,  and  a  council 
was  called  to  decide  upon  his  fate.  Each  man,  commencing  with  the  lowest  in  rank,  was  called 
upon  to  give  his  opinion,  and  as  each  gave  his  fatal  vote  he  took  an  eternal  leave  of  the  suffering 
man,  with  whom  he  divided  his  scanty  food.  Of  all  the  party  the  victim  was  the  most  calm  and 
self-possessed.  His  will  had  been  already  made,  and  being  duly  signed,  was  committed  to  the  charge 
of  Mr.  Truxtun,  when  all  the  party  withdrew,  save  one  who  remained  to  pray  with  him.  These 
last  offices  concluded,  his  last  comrade  tearfully  wrung  his  hand,  fell  into  the  ranks,  and  the  word 
^Forward!'  was  the  last  human  sound  that  reached  the  ear  of  the  dying  man." 

The  wants  of  the  survivors  were  attended  to  promptly,  with  certain  judicious  restrictions, 
and  nurses  were  appointed  to  attend  to  them  during  the  night.  They  were  separated  from  each 
other  to  jirevent  a  too  exciting  conversation,  and  every  means  taken  to  prevent  excesses.  Tobacco 
was  the  tiling  most  craved  for,  and  Strain  remarks  that  it  was  the  first  thing  asked  for  by  himself 
aud  other  members  of  the  advance  party  upon  their  arrival  at  Yavisa.  The  survivors  were  all 
on  their  way  down  to  the  river  early  next  momiug,  and  the  reunion  of  all  was  effected  at  Yavisa 
oil  the  27th.  Another  victim,  Philip  Vermilyea,  wa«,  however,  buried  the  same  evening.  The 
rest  of  Trnxtun's  men,  quartered  in  the  little  village  of  Palmas,  near  Boca  Chica,  were  carefully 
attended  to  by  Surgeon  Ross  and  other  medical  officers  of  the  Virago.  After  making  the  fullest 
provisions  for  their  immediate  necessities.  Strain  proceeded  to  Panama  to  arrange  for  their  trans- 
portation. As  previously  stated,  he  reported  to  Commander  HoUins  on  the  16th  of  April,  and 
having  received  the  funds  needed  to  complete  his  arrangements  for  the  sick,  he  hastened  his 
return  to  Palmas;  on  his  way  down,  however,  he  met  them  coming  up  in  one  of  the  Virago's  boats. 
Arriving  again  at  Panama  on  the  23d  of  April,  he  sent  the  sick  forward  to  Aspinwall,  with  the 
advantage  of  an  easy  journey  of  at  least  two  days,  while  he  remained  at  Panama  with  Mr.  Maury 
to  await  the  result  of  the  illness  of  Mr.  Boggs,  who  died  at  the  American  hospital  on  the  24th. 
On  the  following  day  Strain  and  his  companion  returned  on  board  the  Cyane,  which  vessel  soon 
set  sail  for  New  York,  where  she  arrived  on  the  17th  of  May.  The  officers  and  men  belonging  to 
the  expedition  had  recruited  as  rapidly  as  could  be  expected  of  men  who  had  spent  sixty  six  days  in 
the  forests  of  a  tropical  climate,  and  had  been  subjected  to  the  extreme  privations  which  have  been 
related.  Commander  Hollins  immediately  received  from  the  Secretary  of  the  Navy  his  congratu- 
lations on  the  safe  return  of  the  survivors,  with  the  testimonial  that  ^^  his  zeal  in  carrying  out  the 
orders  of  the  Department,  and  his  activity  in  endeavoring  to  tender  aid  to  Lieutenant  Strain  and 
his  party,  met  with  the  warmest  approbation  of  the  Department." 

The  crew  of  the  Virago's  cutter  each  received  $100  in  gold  from  the  Department  in  remem- 
brance of  their  services  in  the  relief  expedition;  their  commander,  Lieutenant  Forsyth,  was,  on 
the  official  representation  to  his  Government,  promoted.  The  services  of  Mr.  Bennett  and  those 
of  the  medical  officers  and  of  Paymaster  Hills,  of  the  Virago,  were  gratefully  acknowledged  first 
by  a  letter  from  Strain  and  afterwards  by  the  Department. 

As  to  the  results  of  the  expedition.  Strain  says:  ^^  We  claim  to  have  clearly  dispersed  a  mag- 
nificent and  dangerous  fallacy,  which  had  already  cost  many  lives  and  swallowed  up  a  large 
amount  of  capital.  We  further  claim  that  our  difficulties  and  sujQferings  have  prevented  even  a 
greater  loss  of  life  by  continued  expeditions,  saved  immense  pecuniary  losses,  and  caused  the 
quiet  dissolution  of  an  association  combining  the  first  names  in  Europe,  with  a  capital  stock  of 
$75,000,000." 
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The  value  of  this  very  hasty  attempt  will  be  differently  estimated,  according  as  the  decision 
is  formed  as  to  how  much  was  thereby  effected  toward  eliminating  the  route  from  future  explora- 
tion. History  is  full  of  seeming  failures,  not  always  failures,  since  they  clear  the  path  for  other 
and  subsequent  examinations.  In  so  far  as  this  was  accomplished  by  Strain,  his  dashing  journey 
cannot  be  said  to  have  been  fruitless.  It  was  not,  however,  of  that  character  safely  called  even 
a  reconnaissance  which  would  satisfy  the  public  mind  or  the  formation  of  new  plans  for  this  part 
of  the  Isthmus. 

Oisbome  had,  in  the  meanwhile,  returned  to  Caledonia  Bay  and  found  the  Espeigle,  the  only 
vessel  there.  With  his  engineering  staff  a  reconnaissance  was  carried  forward  by  the  Aglaseniqua 
over  the  divide  and  into  the  valley  of  the  Asnati.  The  only  detail  of  this  work  given  in  the  sum- 
mary of  his  report  is  the  height,  1,013  feet,  of  the  lowest  point  of  the  dividing  ridge  between  the 
sources  of  the  above-mentioned  rivers.  It  is  not  mentioned  by  what  means  the  data  were  obtained, 
but  it  is  presumed  they  were  furnished  by  barometrical  measurements.  Arrangements  were  made 
to  cross  from  Sassadi  Village  over  to  the  Morti  River,  but  it  subsequently  transpired  that  the 
headman  of  Sassadi  collected  forty  or  fifty  of  his  men  and  refused  permission  to  enter  by  that 
route.  The  lateness  of  the  season  rendered  it  unwise  to  take  up  the  work  in  any  new  field,  and 
arrangements  were  made  for  the  return  to  England.  The  unfavorable  results  obtained  were 
treated  by  Oisbome  in  a  professional  spirit  and  accepted  as  proving  the  impracticability  of  the 
route  for  the  purpose  intended. 

OuUen's  scheme  received  a  blow  which  should  have  been  its  death,  but  its  author  had  the  bold- 
ness, in  face  of  facts,  and  of  the  misery  and  loss  of  life  for  which  he  was  largely  responsible,  to 
reassert,  with  certain  modifications,  the  practicability  of  this  route. 

boubdiol's  survey. 

Notwithstanding  the  evidences  of  Cullen's  unreliability,  furnished  from  so  many  sources,  M. 
Roger,  of  Paris,  enthusiastic  over  the  Caledonia  route,  called  him  to  his  side  and  entered  into 
arrangements  for  the  development  of  the  line  and  formation  of  a  company.  Soon  after  the  con- 
cession was  obtained  and  the  preliminary  preparations  made  for  the  survey  of  the  line,  M.  Roger 
found  his  scheme  and  credit  imperiled  by  Cullen's  demand  for  60,000  francs,  in  hand,  before  he 
would  reveal  the  locality  where  the  depression  in  the  Cordilleras  existed.  Fortunately  for  M. 
Roger  he  was  enabled  to  sever  his  connection  with  Cullen,  and  maintain  the  dignity  and  honesty 
of  his  own  purpose. 

In  the  interest  of  interoceanic  communication  by  the  Isthmus  of  Darien,  M.  Roger  founded 
and  administered  the  Soci6t6  d'l5tudes.  Under  the  direction  of  this  society  an  attempt  at  explora- 
tion  was  made  in  the  vicinity  of  Caledonia  Bay,  but  nothing  was  accomplished. 

Subsequently,  in  April,  1861,  Mr.  Bourdiol,  as  engineer-inchief, joined  a  party  of  fourteen 
persons  sent  out  by  the  society  to  make  an  actual  survey  from  the  Pacific  side  to  Caledonia  Bay. 
This  was  the  first  expedition  to  this  region  which  employed  instruments  of  precision.  Work  was 
commenced  at  the  mouth  of  the  Lara,  and  a  course  (N.  49^  E.)  followed  which  it  was  supposed 
would  strike  the  Chucunaqua  near  the  mouths  of  the  Sucubti  and  La  Paz.  The  progress  of  the 
work  was  interfered  with  by  the  roughness  of  the  country,  and  rarely,  under  the  most  favorable 
circumstances,  could  they  advance  more  than  1,500  meters  ina  day.  The  party  remained  five  or  six 
days  in  the  same  camp,  and,  day  by  day,  moved  forward  to  fix  themselves  in  one  which  they  were 
constructing  farther  inland.  The  season  was  unfavorable,  the  rains  often  forcing  them  to  suspend 
work.  In  the  midst  of  this  rough  life  the  negroes,  whose  services  were  very  precious,  began  to 
tire,  and  became  daily  more  and  more  afraid  of  Indians,  whose  trail  had  been  already  recognized. 
The  instruments  used  were  a  compass,  chain,  and  level,  and  the  principal  line  was  worked  out  by 
the  transverse  levelings  of  a  measured  length.  The  party  was  soon  reduced  in  numbers  through 
fatigue,  hardship,  and  sickness ;  some  returning  to  the  Balandre,  their  little  vessel,  and  others  to 
Panama,  and  on  the  9th  of  May  the  negroes  deserted  in  a  body,  alarmed  by  indications  of  the 
presence  of  Indians.  ''Their  abandonment  of  us,"  says  Bourdiol,  ''left  us  in  a  very  dif&cult  posi- 
tion, not  as  to  our  security,  for  we  knew  we  could  not  count  upon  them  in  case  of  danger,  but 
because  the  strength  of  their  arms  was  wanting  to  go  before  us,  open  up  the  route,  and  transport 
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oar  food,  instraments/and  necessary  materials.  Kevertheless,  we  continued  to  advance  so  long  as 
we  should  not  be  arrested  by  insurpassable  obstacles.  Every  one  of  us  took  up  the  most  laborious 
work  without  regard  to  persons,  and  our  goodwill  mcode  up  for  our  loss  of  numbers.  But  our 
strength  was  giving  out ;  occasional  injuries  and  the  insect  bites,  more  serious  than  they  had  at 
first  appeared,  compelled  us  to  rest  in  consideration  of  our  grievous  sores.  The  levelings  and  dif- 
ferent operations  were  not  interrupted,  so  that  after  twenty  days  we  had  finished  the  work  of 
getting  over  the  basin  of  the  Savana  and  Chucunaqua,  the  altitude  of  which  is  about  65  meters. 

"  More  than  a  month  of  our  forest  life  had  now  passed.  Our  party,  composed  at  first  of  twenty- 
five  men,  was  now  reduced  to  seven,  of  whom  several  began  to  be  at  the  end  of  their  strength. 
Lost  in  the  immensity  of  the  forest,  thrown  upon  our  own  resources,  with  no  hope  of  assistance, 
counting  only  on  ourselves,  or,  I  should  say,  rather,  each  counting  only  on  himself,  we  were  com- 
pelled, by  force  of  circumstances,  to  learn  to  endure  everything.  Men  accustomed  to  the  influences 
of  civil  society  experience,  when  thus  thrown  upon  themselves,  sensations  strange,  but  not  lacking 
in  a  charm  which  enlivens  still  more  the  splendor  of  nature.  In  these  unremitting  conflicts,  the 
body  is  hardened,  the  senses  acquire  an  astonishing  acuteness,  the  energies  are  exalted,  and  man 
becomes  conscious  of  the  reality  of  his  powers.  A  life  of  adventures  in  these  rude  countries  offers 
some  compensation,  always  to  be  remembered,  sometimes  regretted." 

The  work  was  now  in  the  vicinity  of  the  Chucunaqua.  The  rains  were  fully  set  in  and  inter- 
fered with  progress;  the  streams  and  ravines  overflowed,  forming  real  torrents,  and  threatened  to 
cut  off  their  retreat.  Desirous  of  carrying  their  line  to  the  Chucunaqua  every  effort  was  made, 
but  the  accumulation  of  water  flooded  their  path  and  made  it  difScult  to  avoid  straying  from  it. 
A  vigorous  effort  to  efiect  a  reconnaissance  was  made,  and  in  order  to  find  their  route  on  the  return 
over  the  inundated  plain,  the  members  of  the  party  were  plficed  at  intervals  within  hearing  "as 
80  many  living  beacons,"  and  an  advance  in  this  way  attempted.  The  efforts  were  vain,  as  night 
approached  and  they  were  obliged  to  cease  operations.  A  few  days  later,  the  floods  having  sub- 
sided, they  were  enabled,  after  a  comparatively  easy  march  of  some  hours,  to  reach  the  Chucuna- 
qua. It  was  estimated  that  they  struck  the  Chucunaqua  a  little  above  the  Sucubti  and  La  Paz, 
but  they  really  came  out  below  the  former  and  much  above  the  latter.  The  elevation  of  the  Chu- 
cunaqua at  this  point,  as  given  by  Bourdiol,  29  meters  (95  feet),  is  substantially  the  same  as  that 
given  by  Gadozzi  and  Gisborne,  but  does  not  agree  with  the  elevations  subsequently  detennined  by 
Selfiidge,  who  found  the  elevation  of  the  mouth  of  the  Sucubti  to  be  about  146  feet.  The  difficul- 
ties which  Bourdiol  encountered  in  prosecuting  the  survey  and  the  fact  that  the  level  line  was 
not  complete  to  the  Chucunaqua  may  account  for  the  error. 

The  exploration  ended  here ;  it  was  impossible  to  go  farther ;  the  party  was  used  up  and  the 
supplies  exhausted.  Returning  to  France,  M.  Bourdiol,  who  evidently  appreciated  the  necessity 
of  full  data  by  his  attempts  to  secure  them,  made  the  common  and  fatal  mistake  of  using  the  few  he 
had  obtained  to  unfold  a  project  and  estimate  its  cost.  His  canal  was  to  be  31  miles  long,  and  to 
overcome  an  elevation  of  144  feet  (?).  Twenty-two  locks  were  required,  eleven  on  each  side.  The 
total  cost  was  to  be  $34,000,000. 


/ 


Chapter  viii. 

Kklley's  Surveys  and  Tuyra  Route. 

To  Baron  vou  Humboldt  belongs  the  honor  of  calling  attention  to  the  Atmto  roates,  bat  the 
credit  for  their  earliest  investigation  belongs  to  Mr.  Frederick  M.  Kelley,  of  'New  York,  a  gentleman 
whose  name  is  honorably  and  inseparably  connected  with  the  problem  of  interoceanic  commu- 
nication, who,  while  still  a  young  man,  with  an  acquired  fortune,  sought  through  study  the  means 
of  making  useful  to  mankind  his  wealth  and  leisure.  In  1851,  while  studying  the  scientific  history 
and  geography  of  Central  America,  he  became  impressed  with  the  force  of  Humboldt's  observations 
on  the  subject  of  interoceanic  communication,  and  appreciating  the  importance  of  the  problen), 
determined  to  apply  his  time  and  means  to  its  solution.  He  eTitere<l  upon  hia  )*esearches  with  the 
conviction  that  a  canal  without  locks,  if  practicable,  would  be  the  only  one  that  could  satisfy  the 
demands  of  commerce,  and  to  this  conviction  he  remains  steadfast  to  the  present  day. 

Humboldt's  legend  of  the  Baspadura  Oanal,  which,  it  was  claimed,  connected  the  headwaters 
of  the  Atrato  and  San  Juan  Kivers,  and  was  navigable  for  canoes  during  the  rainy  season,  led  him 
to  believe  that  this  locality  merited  close  study.  With  this  view  he  sought  and  secured  the  assist- 
ance of  other  gentlemen,  and  they  together  engaged  the  services  of  J.  C.  Trautwine,  C.  E.,  a  gen- 
tleman of  high  professional  attainments  and  with  an  extended  experience  of  engineering  works 
in  Central  America,  to  make  a  study  of  this  route  with  reference  to  the  practicability  of  construct- 
ing a  canal  available  for  steamers  of  about  six  feet  draught. 

In  executing  this  work  Trautwine  had  two  assistants,  Dr.  Mina  Halsted  and  Mr.  Henry  Mc- 
Cann,  and  made  use  of  the  following  instruments,  viz:  Aneroid  barometer,  thermometer,  compass, 
tape-line,  Locke's  hand  level,  and  the  spirit-level.  His  examination  included  a  careful  study  of  the 
Gulf  of  Darien,  and  the  bars  which  impede  the  entrances  of  the  several  streams  which  form  the 
delta  of  the  Atrato,  also  an  account  of  these  streams  and  of  the  river  itself  to  its  headwaters. 
From  here  he  crossed  the  dividing  ridge  at  three  different  points,  and  examined  both  the  Bando 
and  San  Juan  Rivers  tlironghoiit  their  length.  Between  the  Pato  and  Baudo  the  dividing  ridge 
was  found  to  be  over  500  feet  high,  and  between  the  Santa  Monica  and  San  Juan  the  line  of  levels 
"showed  that  the  bed  or  bottom  of  the  San  Juan  at  San  Pablo  was  103  feet  below  that  of  the  Santa 
M6nica  at  the  Tambo  of  San  Pablo,  or  head  of  canoe  navigation;  and  that  the  lowest  intervening 
ground  at  the  summit  between  the  two  is  about  183  feet  above  the  former,  or  80  feet  above  the 
latter."  In  view  of  these  results  Trautwine  says  that  "it  must  be  self-evident  that  the  idea  of  a 
ship-canal  cannot  be  entertained  for  a  moment.  •  •  •  Among  the  principal  difficulties  to  be 
encountered  in  the  construction  of  even  acanal  for  small  boats,ofsaythree  feet  draught,  is,  first,  that 
the  San  Juan  is  103  feet  below  the  head  of  canoe  navigation  on  the  Santa  Monica;  and  that  the 
lowest  depression  in  the  dividing  ridge  between  the  two  streairis  is  about  183  feet  above  the  former, 
and  about  80  feet  above  the  latter.  We  therefore  should  have  (on  the  most  economical  mode  of 
procee<ling)  103  feet  of  lockage,  in  connection  with  a  long  cut  of  some  80  or  90  feet  in  depth  at  the 
center,  and  a  reservoir  for  supplying  the  summit  level.  Besides  these,  the  Santa  Monica  would 
require  a  good  deal  of  improvement,  as  before  hinted;  as  would  also  the  upper  i)ortion  ot  the  San 
Pablo,  before  they  would  be  avaihible  for  a  tolerably  regular  system  of  navigation  by  boats  of 
even  three  feet  draught." 

The  canal  of  Raspadiira  "  was  in  reality  a. hill,  across  which  canoes  were  dragged,  as  they  now 
are,  not  only  at  that  point,  but  at  many  others  in  this  region.  A  canoe  wiis  so  transported  at 
one  of  the  partition  points  at  which  I  crossed,  and  at  the  same  time.  I  was  at  San  Pablo  in  1852, 
or  but  sixty-four  years  after  the  date  given  to  Humboldt  as  that  at  which  the  Cura's  canal  was  dug; 
yet  persons  living  near  the  spot,  both  before  and  ever  since  that  period,  told  me  they  had  never 
heard  of  it;  nor  did  I  meet  with  one  out  of  more  than  fifty  persons  familiar  with  the  Baspadfira 
H.  Ex.  107 9  05 
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locality  that  had.  This  is  not  to  be  construed  into  a  proof  that  no  ditch  was  dug,  but  merely  that 
it  was  a  work  of  such  entire  insignificance  as  to  create  little  or  no  impression  even  in  a  region 
where  internal  improvements  are  entirely  unknown." 

Trautwine's  results  were  secured  by  excessively  hard  work  and  under  the  unfavorable  condi- 
tions of  being  obliged  to  depend  upon  the  resources  of  the  country  for  food  and  transportation,  but 
their  accuracy  and  fullness  indicate  his  ability,  energy,  and  conscientiousness.  As  an  observer 
and  reporter  of  tiacts,  whether  for  or  against,  he  has  not  been  excelled  by  any  explorer  on  the 
Isthmus.  The  discouraging  results,  however,  caused  Mr.  Kelley's  associates  to  abandon  the  scheme, 
but  he  retained  the  hope  that  a  more  extended  examination  of  the  region  between  the  headwaters 
of  the  Atrato  and  San  Juan  would  reveal  better  conditions  connecting  the  two  oceans.  Taking  the 
burden  of  expense  upon,  himself,  he  caused  two  studies  of  the  region  to  be  made  in  1853 ;  one  by 
Mr.  Porter  and  the  other  by  Mr.  Lane,  but  with  no  better  results  than  were  obtained  by  Trautwine, 
wliose  work  was  entirely  confirmed. 

BafiEled  in  this  direction,  he  turned  his  attention  in  1853  to  the  western  tributaries  of  the  Atrato, 
between  its  headwaters  and  the  Truando.  He  says  :•  "  I  left  nothing  untried  in  these  directions, 
8])aring  neither  expense  nor  scientific  resources,  but,  being  baffled  again,  at  the  suggestion  of  Mr. 
Lane  I  fell  back  upon  the  Truando,  convinced  that  there  or  nowhere  in  the  whole  range  of  Central 
America  were  the  proportions  of  a  ship-canal  to  be  found.  This  river  was  explored  by  Mr.  Lane 
as  far  as  the  Saltos,  but  his  health  failing  he  was  compelled  to  return.  I  then  fitted  out  another 
party  under  Captain  Kennish.  Their  instructions  were  to  search  for  a  good  harbor  on  the  Pacific, 
and,  if  possible,  for  a  favorable  place  where,  by  a  clear  cut  or  tunnel,  that  harbor  might  be  contiected 
with  the  Truando  and  Atrato  Rivers,  at  such  a  level  as  to  admit  of  nearly  still  water  all  the  way, 
with  depth  and  width  sufficient  to  enable  steamers,  men-of-war,  and  merchant  ships  of  heavy  burden 
t-o  pass  from  ocean  to  ocean  without  detention  and  upon  an  even  keel. 

^^  Those  only  who  have  embarked  their  fortunes,  time,  and  hopes  pf  honorable  distinction  in  great 
enterprises,  can  imagine  the  tremulous  anxiety  with  which  I  waited  for  tidings  from  this  party  under 
Ca[>tain  Kennish,  which  went  out  in  1854.  Franklin  was  not  more  delighted  when  he  drew  the 
lightning  from  the  clouds,  or  Columbus  when  he  discovered  America,  than  I  was  when  it  was 
demonstrated,  by  instrumental  measurements,  that  the  two  oceans  could  be  united ;  that  all  the 
iMsience,  industry,  enlightened  enterprise,  and  generous  expenditure  lavished  upon  this  great  field 
of  investigation  hnd  not  been  exhausted  in  vain.  Men  of  the  highest  intellect  and  moral  elevation, 
sucli  as  Columbus  and  Humboldt,  had  foreseen  the  importance  of  this  passage,  sought  and  prayed 
for  it ;  Cortez,  Pizarro,  and  Balboa,  as  they  pursued  across  the  Isthmus  and  along  the  shores  of 
lx>th  oceans  their  schemes  of  discovery  and  of  conquest,  could  scarcely  believe  that  the  great  Creator 
had  not  somewhere  provided  a  highway  between  the  Atlantic  and  Pacific  through  that  narrow 
tliread  of  land  which  seemed  hardly  to  divide  them.  From  their  day  to  ours,  in  all  commercial 
countries,  deep  solicitude  had  been  shown  for  the  discovery  of  this  passage.  Men  of  science  had 
searched  for  it;  brave  and  energetic  men  had  perished  in  those  enterprises;  governments  and  pub- 
lic companies  had  vied  with  each  other  in  endeavoring  to  secure  facilities  for  the  annually  increas- 
ing commerce  of  two  mighty  oceans,  which  the  stern  aspects  of  the  Cordilleras  had  hitherto  turned 
aside.  How  could  I  believe  that  the  Disposer  of  Events  had  crowned  my  humble  labors  with  suc- 
cess f  How  could  I  fail  to  fear  that  my  engineers  might  be  deceived  ;  that  the  resources  of  the 
scientific  world  might  yet  dispel  the  illusions  to  which,  as  though  they  were  realities,  I  fondly  clung f 
I  went  to  England  and  submitted  my  plans  and  reports  to  the  Royal  Geographical  Society  of  Lon- 
don, and  to  the  British  Institution  of  Civil  Engineers.  I  invited  the  searching  criticism  of  those 
most  competent  to  judge  in  the  mother  country.  1  went  to  France,  and,  knowing  how  deep  an 
interest  the  Enix)eror  Napoleon  had  taken  in  the  promotion  of  similar  enterprises,  and  how  profound 
a  knowledge  be  had  displayed  of  the  general  subject,  at  a  time  when  correct  views  were  confined 
to  a  limited  circle,  I  laid  my  plans  and  surveys  before  his  Imperial  Majesty,  and  invited  to  their 
consideration,  in  the  most  public  manner,  the  highest  science  in  the  service  of  the  Government  and 
people  of  France.  I  went  to  Berlin,  and  frankly  explained  to  that  illustrious  sage,  the  pioneer  of 
all  scientific  knowledge  of  Central  America,  the  general  views  which  I  entertained,  and  the  nature 
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of  the  evideuce  by  which  they  had  been  coufirmed.  In  those  three  enlightened  coantries  I  was  not 
treated  as  a  stranger.  There  was  a  grandeur  in  the  design  of  which  I  was  the  bearer,  a  dignity  in 
the  mission  with  which  I  was  charged,  that  won  for  me  courtesies  which,  on  mere  personal  grounds, 
no  stranger  going  to  Europe  for  a  first  time  could  have  anticipated  or  claimed.  From  the  Emperor 
of  the  French,  from  Lord  Clarendon,  fix)m  Sir  Richard  Murchison,  from  Baron  Humboldt,  from  Rear- 
Admiral  Beechy,  from  Robert  Stephenson,  Admiral  Fitzroy,  and  the  members  generally  of  the  Royal 
Society  and  Institute,  I  received  great  kindness ;  and,  what  was  of  more  importance,  they  applied 
to  my  plans  and  reports  in  a  catholic  and  courteous  spirit,  but  with  a  rigid  exactness  due  to  science 
and  their  own  high  reputations,  those  tests  suggested  and  fortified  by  their  great  experience.  A 
friendless  and  unknown  American  citizen  was  treated  by  these  men  as  though  he  was  a  brother, 
not  because  he  was  eminent  in  science,  but  because  they  recognized  in  him  the  zeal,  the  prophetic 
hope,  and  self-devotion  which  are  ever  the  handmaids  of  science. 

**  While  the  hone.=%t  criticism  or  kind  consideration  of  those  elevated  and  enlightened  men 
strengthened  and  encouraged  me,  I  felt  that  they  had  laid  upon  me  a  new  obligation;  I  was  bound 
to  give  to  them,  even  more  than  to  the  world  at  large,  the  best  evidence  of  the  sincerity  and  honesty 
of  my  purposes,  and  of  the  skill  and  integrity  of  the  ageuts  I  had  employed.  I  could  only  furnish 
this  evidence  by  the  aid  and  through  the  instrumentality  of  the  Government  of  my  country.  The 
Hon.  James  Buchanan  was  then  our  minister  to  England.  That  distinguished  man  not  only  dis- 
charged towards  me  the  duties  of  hospitality  and  courtesy  to  which  perhaps  as  an  American 
citizen  I  was  entitled,  but  he  encouraged  me  to  hope  and  to  apply  for  the  verification  of  my  own 
Government;  and  one  of  his  first  acts,  when  the  suffrages  of  the  nation  had  placed  him  at  its 
head,  was  to  facilitate  the  passage  of  the  law  under  which  thiit  verification  has  been  obtained. 

'*  To  secure,  upon  the  authority  of  officers  pledged  by  their  reputations,  no  less  than  by  the 
obligations  of  their  official  positions,  to  accuracy  and  good  faith,  a  confirmation  of  my  views,  and  of 
the  accuracy  of  my  engineers,  was  the  last  and  highest  dut^'  which  I  owed  to  the  scientific  world, 
to  the  engineers  who  had  aided  and  advised  me,  and  to  those  friends  who,  in  Europe  and  America, 
had  shown  me  countenance  and  given  me  support.    That  duty  has  been  discharged." 

The  Congress  of  the  United  States  realizing  the  importance  of  the  enterprise,  and  stimulated 
t-o  take  the  lead  in  prosecuting  the  necessary  explorations,  passed  an  act,  which  was  approved 
March  3,  1857,  by  President  Buchanan,  making  an  appropriation  for  that  purpose.  Section  10  of 
that  aet  reads  as  follows : 

"And  he  it  further  enacted,  That  the  Secretaries  of  War  and  Navy  be  authorized,  under  the 
direction  of  the  President,  to  employ  such  officers  of  the  Army  and  Navy  as  may  be  necessary  for 
the  purpose,  to  make  exploration  and  verification  of  the  surveys  already  made  of  a  ship-canal,  near 
the  Isthmus  of  Darien,  to  connect  the  waters  of  the  Pacific  and  Atlantic  by  the  Atrato  and 
Trundo  Rivers:  Provided,  That  the  expense  shall  not  exceed  twenty-five  thousand  dollars,  which 
are  hereby  appropriated  therefor  out  of  any  money  in  the  Treasury  not  otherwise  appropriated." 

The  project  which  had  been  reported  upon  favorably  by  Kennish,  depended  upon  the  practica- 
bility of  turning  a  portion  of  the  waters  of  the  Atrato  into  the  Pacific,  thus  forming  a  new  arm  or 
river  flowiug  with  a  moderate  current  through  a  tunnel  under  the  Cordillera.  The  principles  on 
which  this  was  to  be  executed  are : 

First.  That  the  mean  level  of  both  oceans  is  the  same. 

Second.  That  the  tidal  wave  at  the  mouth  of  the  New  River,  on  the  Pacific  shore,  oscillates 
12  feet  6  inches  at  spring  tides,  and  10  feet  11  inches  at  neap  tides;  while  at  the  mouth  of  the 
Atrato  (the  terminus  of  the  passage  on  the  Atlantic)  the  tidal  wave  does  not  exceed  2  feet  at  any 
phase  of  the  moon.^ 

Third.  That  the  waters  of  the  Atrato,  at  the  imiut  of  junction  with  the  New  River,  are  15.2 
above  the  mean  tidal  level  of  either  ocean. 

Fourth.  That  the  junction  or  summit  of  the  New  River  is,  therefore,  9  feet  above  the  Pacific 
at  the  highest  tide,  and  thus  the  water  will  flow  down  it  with  a  velocity  equal  to  that  head;  while 
at  the  lowest  tide  the  velocity  will  be  equal  to  21.45  feet  head. 

In  accordance  with  the  act  of  Congress,  a  portion  of  which  is  given  above,  Lieut.  Nathaniel 
Michler,  Coii)s  of  Topographical  Engineers,  United  Stiites  Army,  and  Lieut.  T.  A.  Craven,  United 
States  Navy,  were  detailed  to  execute  the  work  of  verification.    This  arrangement  was  a  clumsy 
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one,  as  it  left  the  qaestiou  of  command  unsettled,  to  which  each  oflScer,  jealous  of  his  rank,  laid- 
claim.  The  direction  of  the  survey  was  placed  in  the  hands  of  the  Secretary  of  the  Navy.  On  the 
return  of  Lieutenants  Michler  and  Craven,  he  decided  in  reference  to  the  claim  to  report  results 
that,  as  they  had  been  appointed  to  co-operate  together,  as  a  joint  commission,  they  should  report 
severally  if  unable  to  concur  in  a  joint  report.  The  former  course  was  adopted,  Michler  favoring 
the  route  while  Craven  condemned  it.  Of  these  two  opinions,  Michler's  was  certainly  entitled  to 
first  consideration,  not  only  on  account  of  professional  fitness  to  interpret  the  data  bearing  upon 
the  immediate  line  of  canalization,  but  because  these  data  had  been  secured  under  his  direction 
and  supervision,  whereas  Craven  had  been  engaged  in  the  hydrographical  work  of  the  survey,  and 
not  having  access  to  Michler's  field  notes  and  measurements,  his  knowledge  of  the  line  was  limited 
to  that  gained  in  passing  over  it  to  and  from  tlie  Pacific  side.  His  judgment  was  not  at  fault, 
however,  in  estimating  the  obstacles  to  the  work,  and  while  he  felt  that  human  ingenuity  and  per- 
severance might  overcome  them,  he  was  of  the  opinion  that  the  construction  of  the  proposed  canal 
was  ^impracticable,  as  involving  an  expenditure  of  treasure  not  easily  estimated,  and  a  sacrifice 
of  life  from  which  the  stoutest  heart  may  shrink.''  The  actual  physical  difficulties  were  summed 
up  by  him  under  the  following  heads: 

1.  A  cut  through  some  five  miles  of  submerged  mud  at  the  mouth  of  the  river,  with  the  pros- 
pective certainty  of  constant  dredging  to  keep  it  open. 

2.  The  herculean  labor  and  incalculable  expense  of  cutting  through  the  lagoons  of  the  Truando 
and  the  imbedded  logs  of  the  Palosadas,  where  the  whole  country  is  inundated  during  at  least  nine 
months  of  the  year,  and  where  the  floods  of  a  day  may  destroy  the  work  of  weeks. 

3.  The  immense  exi)ense  attending  the  removal  of  basaltic  rock,  in  a  country  whei'e  labor  and 
provisions  must  all  be  imported  at  most  extravagant  rates. 

4.  The  want  of  an  anchorage  on  the  Pacific  coast. 

5.  The  fatal  climate,  which  it  may  safely  be  estimated  will  disable,  at  all  times,  one  third  of 
any  force  sent  there. 

The  result  of  Michlei-'s  work  is  a  general  verification  of  the  feasibility  of  the  project  proposed 
by  Kennish.  In  points  of  detail  many  of  the  lattei-'s  measurements  were  found  to  be  in  error,  but 
inasmuch  as  Kennish  had  been  unable  to  use  instruments  of  precision  on  a  great  part  of  the  line, 
this  was  not  so  surprising  as  that  he  should  have  estimated  so  closely.  He  placed  the  mouth  of 
the  TiTiando  at  15.2  feet  above  the  mean  level  of  the  sea.  In  the  computation  which  gave  this 
result  he  used  67.75  miles  as  the  distance  from  the  mouth  of  the  Truando  to  the  Gulf  of  Darieu, 
whereas  the  correct  distance  is  75.25  miles.  Making  the  correction  due  to  this  ditterence  in  distance, 
the  resulting  height  obtained  is  23.9  feet,  while  that  found  by  Michlei-'s  survey  was  25.75  feet. 
This  height  is  for  a  low  stage  of  the  Atrato,  and  at  an  extremely  high  rise  of  water,  or  freshet,  when 
the  banks  are  overflowed,  it  reaches  to  36.5  feet. 

The  route  proposed  by  Michler  differs  materially  from  that  suggested  by  Kennish.  By  refer- 
ence to  the  map,  it  will  be  seen  that  the  general  course  of  the  Truando,  from  its  month  for  a  dis- 
tance of  about  23  miles  by  its  meanderings,  is  nearly  parallel  to  the  Atrato.  A  straight  line  drawn 
from  the  point  where  the  Truando  makes  a  considerable  bend  to  the  northward,  and  i)erpendicular 
to  the  general  direction  of  the  Atrato,  is  about  7.5  miles  in  length  and  strikes  the  latter  river  at  a 
point  22  miles  above  the  village  of  Siicio.  This  is  considered  the  summit  point,  and  is  computed 
to  be  32  feet,  at  a  low  stage  of  the  Atrato,  above  the  level  of  the  sea.  In  extreme  high  water  it 
would  be  10.77  feet  higher,  or  42.77.  On  account  of  distance  saved,  and  because  the  current  in  the 
New  River  would  not  exceed  that  of  the  Atrato,  but  rather  fall  below  it,  Michler  selected  this  stun- 
mit  as  the  initial  point  of  the  canal  cut.  It  was  proposed  that  this  cut  should  follow  the  line  above 
described,  across  the  swamps  to  the  Truando,  then  follow  the  general  course  of  the  river  to  the 
mouth  of  the  Nerqua,  a  tributary  of  the  Truando,  and  thence  a  short  distance  up  the  Nercua  to  the 
mouth  of  one  of  its  tributaries,  the  Grundo,  where  it  leaves  the  Kercua  Valley,  and,  after  piercing 
the  Cordillera  with  a  tunnel  12,250  feet  in  length,  strikes  the  Chuparador,  on  the  Pacific  slope,  and 
follows  that  stream  to  the  Paracuchichi,  which  leads  it  to  the  ocean. 

The  dimensions  of  the  canal  were  to  be  100  feet  at  surface  of  water  and  30  feet  deep  j  the  height 
of  tunnel  100  feet  above  water  surface.    Michler  estimated  the  cost  would  be  $134,450,154. 

The  labors  of  Michler  and  his  able  scientific  staff  were  not  only  accompanied  by  the  many  hard- 
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ships  incident  to  the  coantry,  but,  owing  to  the  unsuitable  packages  for  transportation  into  which 
the  provisions  were  made  up,  and  to  a  deficiency  in  quantity  and  quality,  much  embarrassment 
and  some  distress  resulted.  Notwithstanding  these  drawbacks,  the  work  was  pushed  to  completion? 
and  the  resulting  line  was  the  first  in  the  Atrato  Valley  that  could  base  its  claim  of  practicability 
upon  full  and  reliable  data,  and,  moreover,  was  the  first  line  pronounced  feasible  for  a  canal  without 
locks  or  dams. 

An  important  and  disappointing  result  established  by  Michler's  study  of  the  Truando  route 
was,  that  the  cost  of  the  contemplated  work  would  amount  to  nearly  twice  that  estimated  by  Maj. 
E.  W.  Serrell,  on  the  data  furnished  by  Kennish.  This  unwelcome  fact,  together  with  a  knowledge 
of  many  difficulties  which  would  attend  the  development  of  the  project  in  that  locality  influenced  Mr. 
Kelley  to  seek  elsewhere  for  better  conditions.  His  chief  objections  to  the  route  were  similar  to 
those  advanced  by  Lieutenant  Craven.  They  were:  ^'Its  great  .length;  the  necessity  of  creating 
a  harbor  on  the  Pacific  coast;  the  almost  impossibility  of  controlling  the  flood  waters  of  the 
Truando  Valley,  and  the  difliculty  of  effecting  and  keeping  open  an  entrance  into  the  Atrato  River 
by  any  system  of  engineering  without  the  prospective  certainty  of  everlasting  dredging. 

"In  addition  to  the  foregoing  objections,''  continues  Mr.  Kelley,  "the  more  deeply  I  studied 
the  subject,  the  more  clearly  I  saw  tljat  the  increasing  size  of  shix)s,  the  vast  and  rapid  accumula- 
tions of  wealth,  the  gigantic  growth  of  trade  all  over  the  world  imperiously  demanding  the  shortest 
and  most  direct  lines  of  travel,  would,  sooner  or  later,  demand  and  cut  a  deep,  wide  sea-level  canal 
across  the  narrowest  part  of  the  Isthmus,  cost  what  it  may ;  thei-efore,  what  was  the  use  of  wasting 
time  and  money  on  any  long  route  either  with  or  without  locks!'' 

The  narrowest  part  of  the  American  Isthmus  inviting  his  study  was  that  lying  between  the 
Gulf  of  San  Bias,  on  the  Atlantic,  and  the  mouth  of  the  Ba^  ano,  on  the  Pacific.  There  was  hardly 
any  doubt  as  to  the  mountainous  character  of  the  intervening  country,  but  the  usual  legends  existed 
about  low  passes  and  of  communication  by  canoe  from  one  shore  to  the  other,  before  commencing 
a  survey  of  the  San  Bias  route,  Mr.  Kelley  sent  his  oldest  engineer,  Mr.  Rude,  to  make  a  baromet- 
rical reconnaissance  of  the  Tuyra  route.  The  results  not  being  encouraging,  he  sought  through 
Col.  G.  M.  Totten,  then  chief  engineer  and  superintendent  of  the  Panama  Railroad,  information 
relating  to  the  feasibility  of  making  an  open  and  thorough  cut  on  the  Panama  route.  Colonel 
Totten  stated  that  it  would  be  impossible  to  build  a  canal  by  that  route  without  introducing  ten  or 
t  wel  ve  locks,  and  that  the  Chagres  River  could  not  be  turned  from  its  bed  out  of  the  way  of  a  canal. 
This  opinion  being  sustained  by  Mr.  Kelley's  engineers  and  others  who  had  been  on  the  ground, 
he  gave  up  the  idea  of  a  canal  at  Panama  without  locks,  and  proceeded  to  ascertain  the  character- 
istics of  the  Isthmus  in  the  vicinity  of  San  Bias. 

The  only  previous  attempts  to  survey  this  route  were  made  by  Mr.  Wheelwright,  in  1837,  and 
by  Mr.  Evan  Hopkins,  a  few  years  later,  but  were  not  carried  far  enough  to  be  of  any  value,  the 
attitude  of  the  Indians  in  each  case  preventing  extended  explorations.  Some  information,  how- 
ever, was  gained,  and,  profiting  by  it,  Mr.  Kelley  sent  Mr.  Rude,  in  1863,  to  make  a  barometrical 
reconnaissance,  in  order  to  obtain  approximate  heights  and  distances.  This  was  followed  in  1864 
by  a  regular  survey  executed  by  Messrs.  A.  McDougal,  C.  A.  Sweet,  J.  E.  Forman,  and  N.  Rude, 
under  orders  from  Messrs.  Kelley,  Cyrus  Butler,  and  Luke  T.  Merrill. 

The  line  of  survey  was  from  Chepillo  Island,  in  the  Bay  of  Panama,  to  the  mouth  of  the  Bayano; 
up  that  river  to  the  Mamoni,  which  was  followed  to  its  junction  with  the  San  Jos<^.  The  line  was 
carried  up  the  last  named  river  to  the  divide,  crossing  which  it  entered  the  valley  of  the  Mandinga 
(t)  and  proceeded  towards  the  Atlantic  until  within  an  estimated  distance  of  about  2  miles  from  the 
Gulf  of  San  Bias,  when  th*e  work  was  abandoned  on  account  of  the  hostile  force  of  the  Indians  and 
the  desertions  which  occurred  from  the  party.  This  unfortunate  interference  of  the  Indians  has 
been  the  source  of  much  annoyance,  as  the  uncompleted  line  could  not  satisfy  all  questions  relating 
to  this  interesting  section.  However,  many  attractive  features  were  developed,  and  it  was  con- 
sidered that  the  canal  would  not  be  longer  than  27^  miles,  but  the  tunnel  involved  would  be  7  miles 
long.  In  view  of  an  apparent  difference  in  the  results  claimed  for  this  route  by  this  survey,  and 
by  that  subsequently  executed  by  Commander  Selfridge,  the  details  of  the  line  will  be  considered 
in  connection  with  those  shown  by  the  latter  survey,  and  later  in  this  work  it  is  i)roposed  to  make 
a  technical  comparison  of  the  routes  which  merit  such  attention. 
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The  Sau  Bias  survey  ended  the  series  of  field  studies  under  Mr.  Kelley's  direction,  which  gave 
to  the  world  for  the  first  time  positive  data  from  the  mysterious  regions  of  Darien  and  the  Valley 
of  the  Atrato.  To  have  thus  advanced  the  development  of  the  problem  entitles  him  to  the  highest 
consideration  in  connection  therewith,  and  it  must  be  added,  as  a  measure  of  his  public  spirit,  that 
in  his  researches  he  expended  from  his  own  means  the  sum  of  $125,000. 

TUYRA   ROUTE. 

In  closing  the  subject  of  the  earlier  explorations  in  Darien,  a  brief  reference  only  will  be  made 
to  the  projects  of  De  Puydt,  Gogorza,  De  Lacharme,  and  Flachat,  involving  a  line  of  canalization  to 
connect  the  Gulf  of  San  Miguel  with  the  Gulf  of  Uraba  or  Darien.  These  ex]>lorations  were  of  a 
very  imperfect  character,  and  belong  to  the  Gisborne  class  of  failures. 

De  Puydt,  in  1801,  when  making  an  examination  of  the  Tuyra  and  of  several  of  its  tributaries, 
came  to  the  conclusion  that  in  the  eastern  part  of  that  valley  '*  the  elevation  was  suflBciently  low, 
or  else  the  rents  in  the  mountains  sufficiently  deep,  for  the  construction  of  a  navigable  water-way 
suitable  for  all  kinds  of  vessels  of  whatever  tonnage."  Subsequently,  in  December,  1864,  in  the 
interests  of  the  ''Columbian  Canal  International  Company,"  he  undertook  an  exploration  from  the 
Gulf  of  Darien,  by  the  Tanela  Eiver,  to  find  this  pass.  His  examination  was  a  brief  one,  ancV  the 
only  measurements  which  he  reports  «are  those  taken  to  obtain  the  velocity  of  the  river  at  diiierent 
points,  with  a  view  to  a  determination  of  its  rate  of  fall,  from  which  he  could  estimate  the  height 
of  the  "threshold  of  division."  The  result  of  calculations  based  upon  these  valueless  data  made 
the  height  1<U  feet,  but,  allowing  for  the  insufficiency  of  details  furnished,  he  was  of  the  ojnnion 
that  the  correct  height  above  the  level  of  the  sea  would  be  found  to  be  above  150  feet.  As  might 
be  expected,  this  elevation  is  very  much  lower  than  that  which  really  exists. 

In  18G5,  Seiior  Gogorza  discovered  a  map  and  documents  in  the  Spnnish  archives  which  indi- 
cate<l  the  existence  of  a  pass  through  the  Cordillera,  at  the  headwaters  of  the  Panusa,  a  tributary 
of  the  Tuyra,  which  would  be  suitable  for  the  purposes  of  an  interoceanic  canal.  Obtaining  the 
co-operation  of  capitalists  in  Paris,  an  expedition  was  organized  and  placed  under  the  charge  of 
M.  De  Lacharme,  C.  E.  M.  Flachat  was  appointed  by  the  "Compagnie  G^n^rale  Transatlan- 
tique"  to  verify  the  work  of  this  survey.  Not  finding  the  party  ready  for  the  field  oil  his  arrival 
at  Panama,  and  pleailing  the  limited  time  at  his  disposal  for  the  work,  he  started  off  on  an  explo- 
ration of  his  own.  This  was  regarded  by  Gogorza  as  an  usurpation  of  his  rights  to  the  discovery 
of  the  i)ass. 

M.  Flachat  made  a  hurried  reconnaissance  up  the  Tuyra,  first  to  the  mouth  of  the  Pucro,  and 
later  up  as  far  as  the  Panusa.  His  facilities  for  securing  information  regarding  the  country  were 
very  limited,  but  he  made  good  use  of  such  as  he  could  command,  and  succeeded  in  gaining  suffi- 
cient knowledge  of  the  locality  to  satisfy  himself  of  the  immense  obstacles  which  would  be  encoun- 
tered in  any  project  for  canalizing  the  Tuyra  route. 

M.  De  Lacharme  was  instructed  to  examine  the  indicated  passage  by  the  river  Panusa.  Senor 
Gogorza  intended  to  accompany  him,  but  he  finally  resolved  to  remain  at  Panama.  Arriving 
at  the  confluence  of  the  Paya  and  Tuyra  Eivers,  De  Lacharme  was  led  by  several  considerations 
to  abandon  the  route  marked  out  for  him  and  to  select  that  by  way  of  the  Paya  Eiver  to  the  divide; 
thence  by  the  Cacaiica  Eiver  to  the  Atrato.  His  confidence  in  the  course  decided  upon  was 
increased  by  an  incident  which  occurred  shortly  after  entering  the  Paya  Eiver.  He  says :  '^  Having 
killed  a  pisisi  duck,  I  heard  one  of  my  interpreters,  who  had  lived  for  some  time  at  Paya,  say  that 
at  a  certain  season  of  the  year  flocks  of  these  ducks  passed  over  Paya,  directing  their  flight  toward 
the  sun-rising.  I  asked  some  questions  on  this  point,  and  was  satisfied  that  these  ducks,  according 
to  their  habit,  were  seeking  a  lake  where  to  pass  the  summer ;  and  as  these  water  birds  never  fly  over 
high  ground  if  they  can  proceed  by  way  of  valleys  and  water-courses  among  the  hills,  there  remained 
to  me  no  doubt  but  that  at  this  place  I  should  find  the  desired  passage." 

M.  De  Lacharme  proceeded  up  the  Paya,  and  followed  the  route  indicated  to  the  confluence  of 
the  Chelepo  with  the  Cacarica;  here  he  felt  obliged  to  end  his  excursion,  not  having  boats  to  con- 
vey him  to  the  Atrato.  He  was  satisfied  that  a  canal  could  be  advantageously  located  on  this 
route,  and  that  it  would  be  only  50  miles  long ;  that  14  miles  on  the  Pacific  side  and  about  6  miles 
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on  the  Atlantic  side  would  be  excavated  through  alluvial  soil;  and  that  the  summit  level  near  the 
village  of  Paya  would  be  only  190  feet  above  the  level  of  the  sea.  He  placed  the  height  of  the 
divide  at  290  feet  above  the  sea,  and  gave  its  base  the  modest  dimension  of  not  more  than  656 
feet  through  from  slope  to  slope.  Judging  from  the  results  of  De  Lacharme's  observations,  it  would 
seem  that  the  pisisi  ducks  had  proven  themselves  good  guides,  but,  unfortunately  the  observations 
were  imperfect,  as  was  proven  later  by  precise  methods,  and  this  ruined  the  reputation  of  the 
ducks. 


CHAPTER   IX. 

ExPIX)RATIONS  ANt>  SURVEYS  OX  THE    ISTHMUSES  OF    PANAMA,  NICARAGUA,  AND    TeHUANTEPEC    PRIOR  TO  THOSE 

EXECUTED  BY  THE  UNITED  STATES  ISTHMIAN  EXPEDITIONS.* 

PANAMA. 

The  possibility  of  a  canal  across  this  narrow  part  of  the  Isthmus  had  been  before  the  minds 
of  men  perhaps  most  prominently  of  all  the  lines  from  the  time  of  Balboa's  crossing  to  the  South 
Sea  to  Garella's  survey  in  1844.  Until  the  explorations  and  surveys  by  Lloyd  and  Falmarc^  in 
1828,  and  the  more  complete  surveys  by  Garella,  no  survey  was  made  during  the  intervening  three 
centuries;  neither  the  relative  height  of  the  two  oceans,  nor  that  of  the  highlands  between  them, 
nor  the  geographical  points  even  of  the  Isthmus  had  been  determined. 

The  surveys  to  be  noted  are  those  made  by  Lloyd  and  Falmarc,  for  General  Bolivar,  in  1828; 
by  Garella,  under  sanction  of  Louis  Philippe,  1844;  by  Mr.  J.  C.  Trautwine,  C.  B.,  and  Col.  G.  W. 
Hughes,  in  1849,  and  by  Mr.  G.  M.  Totten,  in  1857.  The  last-named  three  were  made  in  the  inter- 
eat  of  the  Panama  Railroad  Company. 

LLOYD'S  LEVELINGS — 1828-'29. 

In  May,  1828,  under  a  special  commission  from  General  Bolivar,  Mr.  Lloyd,  in  connection  with 
a  brother  officer,  a  Swede  in  the  colonial  service,  commenced  their  work,  although  the  rainy  season 
had  already  set  in,  at  a  point  in  the  suburbs  of  Panama,  from  which  he  followed  the  old  road  to 
Porto  Bello  until  he  struck  the  Chagres  River.  This  was  effected  after  732  pairs  of  levelings  in 
a  distance  from  Panama  of  1,828  chains  (22J  miles).  The  greatest  elevation  he  had  passed  over 
was  633  feet 

On  February  7,  in  the  next  year,  during  the  dry  seiison,  work  was  resumed  and  the  line 
advanced  to  a  point  in  the  Chagres  12  miles  from  its  mouth.  The  survey  was  arrested  at  this 
point  because,  although  its  primary  object  was  to  ascertain  the  most  eligible  line  for  communica- 
tion between  the  two  seas  (by  road  or  canal),  a  secondary  but  important  object  was  to  "determine 
the  relative  height  of  the  ocean  on  either  side."  The  point  reached,  La  Bruja,  was  considered  to 
be  the  high-water  level  of  the  Atlantic  at  Chagres.  In  regard  to  the  relative  levels  of  the  two 
oceans  Lloyd  reported : 

I.  The  mean  height  of  the  Pacific  at  Panama,  3.52  feet  above  that  of  the  Atlantic  at  the  mouth 
of  the  Chagres. 

II.  At  high  water  the  Pacific  is  raised  above  its  mean  level  10.61  feet,  and  the  Atlantic  above 
its  mean  level  .58  feet. 

III.  At  low  water  both  seas  are  the  same  quantities  below  their  respective  mean  levels. 

As  regards  interoceanic  communication  he  reported  that  "the  spot  where  the  continent  of 
America  is  reduced  to  nearly  its  narrowest  limits,  being  distinguished  by  a  break  for  a  few  miles 
in  the  great  chain  of  mountains  (otherwise  extending  to  the  northern  and  southern  limits  of  the 
Isthmus),  points  out  a  peculiar  fitness  for  establishing  a  communication  across." 

The  details  of  Lloyd's  work,  with  his  plans  and  maps,  were  deposited  in  the  library  of  the 
Royal  Society,  but  not  published.    A  large  part  of  his  work  was  reconnaissance  merely. 

It  is  proper  to  state  here  that  a  series  of  observations  made  by  Colonel  Totten,  the  superin- 
tendent of  the  Panama  Railroad,  show  that  there  is  really  no  difference  between  the  mean  levels 
of  the  two  oceans.  A  system  of  careful  levelings  over  the  finished  rojid-bed  of  the  railway,  from 
sea  to  sea,  in  connection  with  a  series  of  tidal  observations  at  the  terminal  ports,  showed  that  the 
mean  level  of  the  Atlantic  was  from  about  one-tenth  of  a  foot  to  seven-tenths  of  a  foot  lower  than 


'  The  contents  of  this  chapter  were  derived  mainly  from  the  manuscripts  of  Professor  Nonrse. 
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tlie  mean  level  of  the  Pacific,  and  this  difiference.  Colonel  Totten  says,  is  probably  owing  to  local 
circumstances  alone. 

There  is,  however,  a  very  great  difference  in  the  range  of  the  tides  at  the  termiual  ports.  At 
Aspinwall  the  highest  tide  amounts  to  only  1.6  feet,  while  at  Panama  the  greatest  rise  is  21.3  feet. 
The  result  of  this  difference  in  the  range  of  the  tides  is  that  sometimes  the  Pacific  is  higher  than 
the  Atlantic  and  sometimes  lower,  but  at  mid-tide  they  are  on  a  level. 

SURVEY  BY  NAPOLEON  GARELLA. 

In  consequence  of  representations  from  Messrs.  Salomon  &  Co.  that  a  route  was  practicable 
across  this  section  for  a  canal  without  locks,  by  an  open  cut  from  sea  to  sea,  M.  Ouizot,  when 
premier  of  France,  '*  decided  to  study  the  problem  on  the  same  line  in  regard  to  which  they  had 
received  such  surprising  accounts  from  Salomon,''  etc.  The  French  Government,  therefore,  sent 
over  M.  Garella  and  his  assistant,  M.  Courtines,  "Conducteur  des  Fonts  et  Ohauss^es,''  with  instruc- 
tions to  study  the  question  chiefly  in  regard  to  the  nature  of  the  obstacles  to  be  surmounted,  the 
means  to  be  employed,  and  the  cost  of  such  an  enterprise.  The  chief  points  therefore  reported 
upon  were : 

I.  The  depression  iu  the  Cordillera,  between  Porto  Bello  and  Panama,  upon  the  representation 
made  as  regi:rds  the  summit  level  of  12  meters,  said  to  have  been  found  by  Morel.  Garella  says 
he  despaired  of  finding  this  long  before  approaching  the  point.  He  reported  from  sucC'CSSive  obser- 
vations elevations  from  120  to  160  meters  as  the  lowest  on  the  line. 

II.  The  water  supply  could  be  secured  by  means  of  two  lateral  canals. 

III.  In  order  to  save  expense  of  lockage  a  tunnel  of  5,350  meters  was  found  necessary.  This 
was  proposed  at  an  elevation  of  99  metetis,  325  feet,  below  the  highest  point  of  the  mountain,  the 
summit  line  for  a  distance  of  25,361  feet  being  135  feet  above  high-water  of  the  Pacific.  The 
number  of  locks  was  thirty-five.  The  estimated  expense  for  a  canal  66  feet  wide  at  bottom,  98  feet 
at  surface,  and  12  feet  deep,  was  $6,600,000,  designed  to  accommodate  vess(^ls  of  600  tons. 

COLONEL  hughes'  SURVEY  FOR  PANAMA  RAILROAD. 

On  the  completion  of  the  contract  between  the  Government  of  New  Granada  and  the  Panama 
Eailroad  Company,  an  experienced  party  of  engineers  under  Col.  George  W.  Hughes,  United  States 
Topographical  Engineers,  was  sent  down  to  survey  and  locate  the  road.  Colonel  Hughes  con- 
firmed the  reconnaissance  previously  made  by  the  engineers,  who  had  been  under  Messrs.  J.  L. 
Stephens  and  J.  L.  Baldwin,  in  their  discovery  of  a  gap  of  not  more  than  300  feet  elevation.  A  yet 
lower  opening  was  also  found  and  the  line  located  from  Navy  Bay  to  Panama. 

The  summit  grade  on  this  road  is  258  feet  above  the  assumed  grade  at  the  Atlantic,  and  242.7 
feet  above  the  assumed  grade  at  the  Pacific  terminus.  It  is  263  feet  above  the  mean  tide  of  the 
Atlantic  Ocean,  and  the,  summit  ridge  is  287  feet  above  the  same  level.  The  maximum  grade  is  60 
feet  to  the  mile. 

The  total  length  of  the  road  is  47  miles,  3,020  feet ;  of  this  distance  23|  miles  are  level  and  28f 
straight.  Some  cu^^'es  are  very  abrupt.  To  cross  the  numerous  streams  and  rivers  it  was  neces- 
sary to  build  134  culverts,  drains,  and  bridges  of  10  feet  and  less,  and  one  hundred  and  seventy 
bridges  of  from  12  feet  to  625  feet  span.  The  track  is  a  single  one,  but  has  four  sidings.  Work 
was  commenced  in  January,  1850,  and  the  last  rail  was  laid  on  the  night  of  January  28, 1855.  The 
original  contractors  for  the  work  were  Messrs.  G.  M.  Totten  and  J.  C.  Trautwine.  Previous  to 
entering  into  this  contract,  they  were  engaged  in  constructing  the  Dique  Canal,  to  connect  the 
Magdalena  Eiver  with  Carthagena.  Soon  after  undertaking  the  work  of  constructing  the  railroad 
they  were  released  from  their  contract  at  their  own  request,  and  retained  as  the  engineers  of  the 
roa(},  the  company  itself  taking  the  responsibility  of  construction. 

In  regard  to  the  mortality  which  occurred  during  the  progress  of  the  work,  it  is  almost  impos- 
sible to  make  any  certain  statement.  No  doubt  the  number  of  deaths  was  very  great,  and  for  that 
reason  has  been  exaggerated.  The  president  of  the  road  in  1855  said,  in  relation  to  this  matter, 
that  "the  first  blow  was  struck  in  January,  1850.  Since  then  a  strict  record  has  been  kept  of 
deaths  which  have  occurred  among  the  white  men  employed  by  the  company,  and  up  to  the  time 
H.  Ex.  107 10 
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of  opMiing  the  road,  on  the  28th  January,  1856,  the  number  was  393,  of  which  many  are  known 
to  have  been  caused  by  diseases  not  incidental  to  the  climate.  How  many  white  meu  were  con- 
nected with  the  work  daring  the  period  cannot  be  accurately  detailed,  but  the  number  was  at  least 
6,000.  Sq  record  was  kept  of  the  mortality  among  other  classes  of  laborers ;  but  the  proportion 
was  greater  among  cottlies,  and  less  among  Jamaica  men  and  natives." 

Althongh  the  nniuber  of  recorded  deaths  is  not  very  great,  it  must  be  remembered  that  few, 
if  any  of  the  laborers  who  were  employed  escaped  without  contracting  disease,  and  that  many 
deaths  of  whites  even  remain  unrecorded. 

THE  CHiaiQUI  EOUTE. 

This  route  lies  in  the  State  of  Panama,  between  the  Chiriqni  Lagoon,  on  the  Atlantic,  and 
the  Gulf  of  Diilce,  oa  the  Pacific.  It  is  noticed,  not  because  it  claims  any  attention  as  a  route  for 
a  ship-canal,  but  to  show  why  it  has  no  such  claim. 

In  1860  it  was  made  a  subject  of  study  by  a  Commission  directed  by  Congress  "  to  examine 
into  and  report  up^n  the  qnality  and  probable  quantity  of  coal  to  be  found  there  npon  the  lands 
of  the  Chiriqni  Improvement  Company ;  upon  the  character  of  the  harbors  of  Chiriqni  Lagoon 
and  Oolflto  ■  upon  the  practicability  of  building  a  railroad  across  said  Isthmus,  so  as  to  connect 
said  harbors  ■  and  generally  upon  the  value  of  the  privileges  contracted  for  in  a  conditional  con- 
tract made  on  the  twenty-first  day  of  May,  eighteen  hundred  and  fifty-nine,  between  Isaac  Toacey, 
the  Secretary  of  the  Navy  of  the  United  States,  and  Ambrose  W.  Thompson  and  the  Chiriqui 
Improvement  Company." 

The  members  of  the  Commission  were :  Capt.  F.  Engle,  U.  S.  N. ;  Lieut.  W.  N.  Jetfers,  U.  8. 
N  ■  Lient.  J.  St.  C  Morton,  of  the  Topographical  Eugiucers,  U.  S.  A. ;  and  Dr.  John  Evans, 
eeologist.  The  time  and  means  at  the  disposal  of  the  Commission  were  not  sufQcient  to  permit 
the  execution  of  a  full  survey.  An  elaborate  series  of  barometric  observations,  taken  at  the  sea- 
level  hourly  during  th'e  absence  of  the  exploring  party,  served  as  the  standard  for  the  reduction 
of  all  observations  taken  in  the  field. 

The  altitude  of  the  most  practicable  pass  for  a  railroad  throagb  the  Cordillera,  which  is  here 
made  up  of  extinct  volcanoes  from  7,000  to  11,000  feet  high,  is  6,270  feet  above  the  sea-level.  In 
concluding  his  report  to  the  Secretary  of  the  Navy,  Captain  Engle  state*  that  "  the  results  of  the 
explorations  and  soiveys  made  by  the  Cbinqni  Commission  are  thus  demonstrated :  By  Lieutenant 
Morton,  that  a  practicable  route  for  a  line  of  railroad  has  been  found  between  the  two  oceans,  on 
the  Isthmus  of  Chiriqui}  by  Lieutenant  Jeffers,  the  hydrograpber,  that  the  great  and  grand  har- 
bors at  its  termini  afford  every  requisite  for  the  protection  of  naval  and  commercial  marine,  and, 
fur  all  practical  purposes,  to  an  unlimited  extent ;  and  by  Dr.  Evans,  the  geologist,  that  the  best 
coal  for  steam  navigation  exists  at  and  near  the  Atlantic  harbors  of  the  Chiriqui  Lagoon." 

NICARAGUA. 

Any  valuable  knowledge  of  the  proper  topography  of  this  isthmus  is  of  recent  date;  althongh 
doubtless  itsgeueralfeatures  were  early  known  to  the  Spaniards.  Their  leaders,  Gonzales,  D'Avila, 
and  Hernandez  de  Cordova,  partially  explored  it,  when  they  named  it  Nicaragua,  from  the  Cacique, 
so  called,  who  aided  them  in  its  conquest.  la  1854,  D'Avila  and  Cemeda,  commanding  a  squadron 
of  discovery  under  Cortez,  announced  the  existence  of  an  interior  fresh-water  sea  at  only  three 
leagaes  from  the  coast — a  bp^  which  they  said  rose  and  fell  alternately,  communicating,  as  was 
believed,  with  the  North  Sea.  Various  reconnaissances  were  made  under  the  idea  that,  by  this 
communication  existing  with  the  Cnlf  of  Mexico,  an  easy  transit  could  be  established  between 
the  Spice  Islands  and  Spain.  It  was  even  laid  down  on  old  maps  that  a  communication  by  water 
existed  from  sea  to  sea.  Other  and  later  maps  represented  a  river,  under  Che  name  of  Bio  Partido, 
as  giving  one  of  its  branches  to  the  Pacific  Ocean,  and  the  other  to  Lake  Nicaragua.  The  archives 
of  Madrid  contained  French  and  English  memoirs  on  joining  the  Pacific  and  the  lake,  based  on 
these  crude  ideas — memoirs  opened  to  Humboldt  in  the  end  of  the  eighteenth  century.  A  knowledge 
of  the  country  obtained  by  an  exploration  by  the  engineer  Bantista  Antooelli,  under  orders  from 
Philip  H,  served  to  correct  these  false  ideas.     Surveys  previously  ordered  by  royal  decrees  in  1524 
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and  1537  were  never  executed,  "the  Gastilian  captains  of  Nicaragua  beiug  fiiUy  occupied  by  their 
own  rivakies  and  by  their  search  for  gold." 

The  report  made  at  a  later  date,  1779,  to  Charles  III  of  Spain,  by  Cramer,  Tsasi,  and  Muestro, 
was  unfavorable;  they  represented  that  in  place  of  the  supposed  communication  between  the  lake 
and  the  Pacific,  high  mountains  intervened,  and  that  the  lowest  part  of  the  bottom  of  the  lake  was 
43  feet  higher  than  the  level  of  the  Pacific.  Don  Manuel  Galisteo,  in  1781,  reported  the  same  to  be 
55  feet  lower  than  the  Pacific,  and  the  surface  of  the  lake  to  be  35  feet  higher.  He  made  the 
distance  from  the  Pacific  to  the  lake  18.5  miles;  the  elevation  of  the  summit  284  feet  above  the 
ocean  and  151  feet  above  the  lake,  thus  giving  the  height  of  the  lake  above  the  ocean  133  feet. 
A  canal  by  this  route,  he  reported,  would  require  a  tunnel,  as  open  cuts  exceeding  65  feet  in  depth 
were  not  ordinarily  made. 

This  was  an  enterprise  of  greater  magnitude  than  the  commerce  of  that  day  would  justify,  but 
it  was  by  no  means  beyond  the  skill  of  Spanish  engineering  talent  bold  enough  to  project  and  exe- 
cute the  great  work  of  the  Mexican  Desague  to  secure  the  City  of  Mexico  from  the  effects  of  floods. 
Humboldt  refers  to  it  as  **  one  of  the  most  gigantic  hydraulic  operations  ever  executed  by  man," 
and  Admiral  Fitzroy  says :  "  This  wonderful  work,  feOO  feet  deep  and  300  feet  wide  for  nearly  1,000 
yards  and  above  100  feet  deep  through  an  extent  of  3,000  yards  (making  altogether  two  iflHes  of 
distance  in  which  that  vast  excavation  would  be  capable  of  concealing  the  masthead  of  a  first  rate 
man-of-war),  executed  within  the  last  three  centuries  within  Central  America,  should  induce  us  to 
listen  respectfully  to  the  plans  ol^modern  engineers,  however  startling  they  may  appear  at  first." 

The  successful  acquirement  of  independence  by  the  Central  American  States  almost  immedi- 
ately prompted  plans  and  memorials  to  them  from  English  and  American  capitalists  for  constructing 
ii  cHiial.  Companies  were  formed  a'ld  negotiations  entered  into  for  this  purpose,  among  which 
latter  was  a  proposal  by  Minister  Canaz  to  the  United  States  Government,  through  Hon.  Henry 
Clay,  Secretary  of  State,  in  the  year  1825,  asking  cooperation  in  constructing  a  canal.  Mr.  Clay 
instructed  our  representative,  Mr.  Williams,  February  10, 1826,  to  ascertain  if  surveys  had  been 
made,  if  confidence  could  be  placed  in  their  accuracy,  and  what  facilities  of  construction  were 
ofifered.  No  detailed  report  appears  ever  to  have  been  made,  doubtless  prevented  by  the  unsettled 
political  state  of  the  country ;  no  survey  was  furnished,  none  renewed. 

In  1830,  after  the  failure  of  the  American  house  of  Palmer,  in  connection  with  Barclay  &  Co., 
of  England,  to  enter  upon  their  concession  from  Central  America,  General  Verveer,  of  Holland, 
visited  Nicaragua  for  King  William,  who  two  years  before  had  announced  his  intention  of  s^l^ng 
two  engineers  to  make  a  survey  for  a  canal.  The  perpetually  recurring  revolutions  in  Central 
America  and  the  war  between  Belgium  and  the  Netherlands  prevented  additions  to  a  knowledge  of 
the  country. 

The  favorable  disposition  of  General  Morazan,  President  of  Central  America  in  1836,  toward  a 
canal,  induced  him  to  employ  on  a  survey  Mr.  John  Bailey,  R.  M.,  long  a  resident  in  the  country. 
His  exploration,  begun  in  1837,  was  interrupted  by  the  revolution  which  within  ten  years  displaced 
Morazan.    It  was  also  confined  to  the  Pacific  side  and  the  lakes. 

In  the  month  of  August,  1850,  under  appointment  from  the  American  Atlantic  and  Pacific 
Ship  Canal  Company,  Col.  O.  W.  Childs,  a  distinguished  engineer,  accompanied  by  Messrs.  J.  D.  Fay 
and  S.  H.  Sweet  as  assistants,  began  a  survey  on  the  Paciflc  side.  The  instructions  which  he  received 
favored  his  examination  of  the  route  from  Salinas  Bay,  but,  as  he  was  not  strictly  bound  to  these, 
he  made  reconnaissance  of  other  routes  also,  preferring  finally  that  which  terminates  in  Brito. 
His  reconnaissance  between  the  lake  at  the  mouth  of  the  Sapoa  Biver  and  the  Pacific  at  Salinas 
Bay  gave  these  results :  elevation  of  the  summit,  534  feet  above  the  bay ;  elevation  of  a  summit 
which  might  be  established  by  means  of  a  low  dam,  432  feet;  depth  of  cut  required,  119  feet; 
ascending  lockage  from  the  Lake,  320.5  feet ;  descending  lockage  to  the  Pacific,  432  feet ;  permanent 
supply  of  water  from  Sapoa  River,  4,000  cubic  feet  per  minute,  and  sites  for  reservoirs  for  additional 
supplies  very  favorable.  The  disadvantages  of  this  line,  are :  depth  of  cut ;  length  of  distance 
necessary  for  deposit  of  excavated  material ;  large  amount  of  lockage ;  expense  of  water-supply, 
and  a  cut  through  rock  for  three-fourths  of  a  mile  from  margin  of  the  bay  to  deep  water. 

In  regard  to  the  route  from  the  lake  to  Realejo,  advocated  by  the  late  French  Emperor,  and 
for  the  construction  of  which  a  decree  of  th^  Congress  of  Central  America  had  passed  in  1846  and 
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Napoleon  had  been  invited  to  take  charge,  Colonel  Childs  reported :  The  canal  between  Lakes 
Nicaragua  and  Managua  would  be  20  miles  long  and  would  have  to  be  constructed  without  any 
advantage  from  the  Rio  Tipitapa;  an  ascending  lockage,  from  one  lake  to  the  other,  of  28^  feet 
would  be  required ;  from  Lake  Managua,  in  the  direction  of  the  Pacific,  the  summit-level  would 
occupy  about  26  miles,  upon  which  a  depth  of  at  least  55  feet  of  cutting  would  be  required ;  the 
length  of  canal  needed  to  open  communication  between  Lake  Nicaragua  and  the  Pacific  would  be 
46  miles,  and  it  would  involve  an  excess  of  57  feet  of  lockage  beyond  that  required  in  the  plan  of 
making  Lake  Nicaragua  the  summit-level  of  the  canal. 

Colonel  Childs  concluded,  after  examining  the  whole  strip  of  land  contiguous  to  the  Pacific 
and  Lake  Nicaragua,  ^Hhat  tbe  line  leading  from  the  mouth  of  the  Rio  Lajas  to  the  Pacific  at  Brito 
presented  more  favorable  conditions  for  the  construction  of  a  canal  than  any  other."  He  made  of 
this  and  of  the  whole  eastern  section  a  most  careful  and  thorough  survey.  In  this  connection  it 
is  proper  to  state  that  the  chief  points  of  Childs'  survey  seem  to  be  fully  confirmed  by  the  surveys  as 
reported  by  Commander  Lull,  who  says  (while  preferring  to  accept  a  line  from  Lake  Nicaragua  to 
the  Pacific  by  the  Rio  Medio  in  place  of  the  Rio  Lajas),*  *'  Childs'  description  was  found  to  be  cor- 
rect in  the  main,  and  his  route  was  ever  afte#  taken  as  a  standard  of  comparison  for  all  others.'^ 
His  swvey  was  the  first  one  ever  made  for  the  location  of  a  ship  canal  route  on  the  American 
Isthmus  that  conformed  to  the  requirements  of  engineering  science. 

Capt.  Bedford  Pim,  Royal  Navy,  after  several  years'  study  of  Nicaragua,  developed  a  project 
for  a  railroad  transit  through  this  isthmus  from  Monkey  Point,  gn  the  Atlantic,  to  Port  Realejo, 
on  the  Pacific,  "  in  the  interests  of  peace  and  the  commerce  of  the  world,  on  the  broad  basis  of  fi-ee 
trade."  The  line  included  180  miles  of  railway  and  85  miles  of  lake  navigation.  The  estimated 
cost  was  $3,000,000,  and  the  time  required  in  transit  twenty-three  hours. 

By  an  article  in  the  contract  between  Nicaragua  and  the  Central  American  Transit  Company, 
a  survey  of  the  harbor  of  San  Juan  del  Norte  (Grey town),  and  of  the  river  San  Juan,  was  made  in 
1805.  The  instructions  of  the  company  were  that  the  engineer  should  "  determine  upon  the  practi- 
cability of  permanently  improving  the  San  Juan  River  and  of  reclaiming  the  harbor  of  San  Juan 
del  Norte  so  as  to  admit  ocean  steamships  into  the  latter  and  to  allow  steamboats  of  not  less  than 
four  feet  draught  to  navigate  the  former.''  On  application  to  Hon.  W.  H.  Seward,  Secretary  of 
State,  by  Don  Louis  Molina,  minister  from  Nicaragua,  and  on  reference  of  said  application  to  the 
Secretary  of  the  Treasury,  Capt.  P.  C.  F.  West,  of  the  Coast  Survey,  was  permitted  to  undertake 
the  ^i^pfek  under  appointment  as  chief  engineer  of  Nicaragua.  The  examination  whicli  he  madt*, 
and  one  made  a  year  later  by  a  committee  appointed  by  the  National  Academy  of  Sciences,  showed 
the  causes  of  the  deterioration  of  Orey town  Harbor,  and  suggested  the  means  for  its  partial  restora- 
tion. The  committee  consisted  of  General  A.  A.  Humphreys,  U.  S.  A.,  Rear- Admiral  0.  H.  Davis, 
U,  8.  N.,  and  J.  E.  Hilgaitl,  Acting  Superintendent  of  the  Coast  Survey,  They  were  assisted  in 
their  investigation  by  Mr.  Henry  M.  Mitchell,  United  States  Coast  Survey. 

TEHUANTEPEC. 

The  northwestern  extremity  of  the  American  Isthmus  takes  its  name  from  one  of  the  small 
districts  of  the  old  Spanish  Empire  "  Tecoantepec"  or  "Teguan tepee."  Its  topography  appears  to 
have  been  for  a  long  time  unknown  or  to  have  been  forgotten  after  having  been  learned  by  the 
Conquistadores.  They  certainly  knew  something  of  it.  In  1520,  in  consequence  of  information 
given  by  Montezuma  to  Cortez,  Diego  Ordaz  reconnoitered  the  Coatzacoalcos,  and  in  the  next 
year  Sandoval  explored  this  river  and  the  Chimalapa.  The  western  section,  the  ancient  "Teljo- 
antepec,"  was  conquered  by  the  first  expedition  sent  by  Cortez  in  this  direction  to  explore  the 
South  Sea;  and,  although  it  was  ascertained  by  the  pilots  that  no  strait  existed  connecting  the 
two  oceans,  the  route  between  the  two  river  mouths  continued  to  be  regarded  of  great  importance 
on  account  of  the  nearness  of  the  two  oceans,  and  because  the  river  Coatzacoalcos  aflforded  such 
facilities  for  transporting  the  materials  for  ship-building  from  Vera  Cruz  to  the  Pacific.    The 


•  Preferred  on  account  of  greater  security  from  surface  drainage,  but  now  rejected  for  the  Lajas  route  since  it  has 
been  ascertained  that  the  flood  waters  of  the  Rio  Grande  can  be  avoidod  by  diverting  the  river  from  the  Pacific  to 
the  lake. 
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materials  for  building  Orijalva's  fleet,  sent  in  1534  to  conquer  California,  and  for  that  in  which 
Cortez  himself  set  sail,  for  the  same  destination,  in  1535,  were  thus  brought  from  the  Gulf  of  Mexico 
to  Tehuantepec,  a  i>ort  still  promising  in  the  sixteenth  century  to  hold  the  place  since  taken  by 
Acapulco.  The  forests  of  Tarifa,  midway  on  the  Isthmus,  themselves  furnished  ship  timber  for 
both  coasts;  they  kept  the  dock-yards  of  Tehuantepec  and  Havannah  supplied.  The  river  Corte, 
the  headwaters  of  the  Coatzacoalcos,  took  its  name  from  the  cutting  of  ship  timber  on  its  banks. 

From  these  circumstances  the  general  topography  of  this  isthmus  must  have  been  early  known. 
But,  for  a  time,  it  died  with  the  conquerors.  The  death  of  Cortez,  the  establishment  of  Vera  Cruz, 
the  viceroys  taking  up  their  abode  in  the  city  of  Mexico,  and  especially  the  strange  pawniugs  of 
the  Moluccas  by  the  Spanish  Emperor,  and  consequent  temporary  passing  of  tbeir  trade  from  the 
Spanish  to  the  Portuguese,  withdrew  attention  from  the  Isthmus.  From  the  latter  part  of  the 
sixteenth  century  Acapulco  took  the  place  of  the  open  roadstead  of  Tehuantepec,  and  became  the 
seat  of  commerce.  The  spirit  of  monopoly  in  Spain  limited  the  trade  to  a  single  port  in  each  sea, 
Acapulco  and  Vera  Cruz.    This  isthmus  ceased  to  be  the  trade  route  except  in  time  of  war. 

The  traditions  of  its  topography  soon  became  exaggerated  and  otherwise  falsified.  It  was  even 
pretended  that  it  was  almost  a  level  plain;  that  in  the  rainy  season  the  Indian  bateaux  could 
cross  from  sea  to  sea;  that  the  Coatzacoalcos  had  its  source  near  the  Pacific;  that  as  it  approached 
the  Cordillera  the  mountains  were  depressed;  and  that  the  Ostuta  or  Chimalapa  rolled  its  waters 
equally  into  both  oceans. 

In  1771  the  well-known  discovery  of  bronze  cannon  in  the  castle  of  San  Juan  d'UUoa,  Vera 
Cruz,  served  at  first  to  renew  these  false  ideas,  and  then  to  destroy  them.  The  question  started 
itself,  by  what  route  the  ordnance  had  come  from  Manila,  where  they  had  been  cast  f  It  could  not 
have  been  by  either  Cape,  no  trade  having  thus  been  carried  on  between  Vera  Cruz  and  the  Phil- 
ippines ;  nor  could  they  have  come  to  the  Oulf  coast  from  Acapulco,  climbing  the  Cordilleras  of 
New  Spain.  The  conclusions,  verified  by  records  and  traditions,  gave  them  to  the  Tehuantepec 
route. 

The  Viceroy,  Don  Antonio  Bucarelli,  therefore  ordered  two  engineers,  Don  Antonio  Cramer, 
governor  of  San  Juan  d'Ulloa,  and  Don  Miguel  Corral,  to  examine  again  the  topography  of  the 
Isthmus,  to  ascertain  whether  any  natural  communication  existed  by  interlocked  river  branches, 
and  at  the  same  time  to  report  upon  the  practicability  of  locating  a  canal.  Their  exploration  was 
very  imperfect.  No  elevations  were  determined,  but  they  reported  that  the  Coatzacoalcos  did  not 
rise  near  the  Pacific ;  that  the  evenness  of  the  ground  plainly  indicates  that  it  would  not  be  a  work 
of  great  difficulty  to  effect  a  communication  between  the  seas,  and  that  a  canal  could  be  built  with 
neither  locks  nor  inclined  planes. 

The  topography  of  the  Isthmus  was  again  examined  at  the  close  of  that  century  by  order  ot 
the  Viceroy  Bevillagigedo,  the  successor  of  Bucarelli,  who  desired  the  construction  of  a  small  canal 
for  batteaux  between  the  Chimalapa  and  the  Alaman,  a  tributary  of  the  Sarabia.  His  death  pre- 
vented the  prosecution  of  the  work. 

Soon  after  Mexico  had  acquired  her  independence,  the  Government  charged  General  Juan 
Orbegozo  to  explore  the  route.  This  able  officer  made  a  careful  instrumental  examination  and 
reported  that  the  canalization  of  the  Isthmus  of  Tehuantepec  <^  was  problematical  and  gigantic," 
and  that  the  roadstead  of  Tehuantepec  was  being  more  and  more  abandoned  daily  by  the  ocean. 

A  yet  more  elaborate  survey  was  executed  in  1842-'43  by  a  Commission  appointed  by  the  pro- 
jector, Don  Jos^  de  Garay,  who  had  received  a  liberal  concession  from  the  Mexican  Government, 
under  Santa  Anna.  The  chief  officers  of  the  Commission  were :  Don  Gaetano  Moro,  an  Italian 
engineer,  who  had  long  been  a  resident  in  Mexico;  Lieutenant-Colonel  Trouphliniere,  Captain 
Gonzalez,  and  Don  Manuel  Bobles,  professor  at  the  Military  College,  Mexico.  They  employed 
instruments  of  precision,  but  some  of  them  appear  to  have  been  injured  before  beginning  their  work. 
They  rei>orted  the  route  as  fiEi>vorable  for  the  location  of  a  canal  for  small  steamers,  or  of  a  railroad, 
either  of  which  was  permitted  by  the  grant.  The  height  of  the  summit  at  Tarifa  Pass  was  deter- 
mined to  be  684  feet,  and  they  reported  that  the  difference  in  level  between  the  beds  of  the  Chicapa 
and  the  Ostuta  is  so  inconsiderable  that  there  is  no  doubt  of  the  possibility  of  a  junction  of  these 
rivers,  and  there  is  no  obstacle  in  the  short  intervening  distance  to  prevent  it.  They  proposed  to 
feed  the  summit  level  of  the  canal  by  a  feeder  line  from  these  two  rivers.    The  length  of  the  canal 
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proper  was  estimated  at  50  miles,  and  the  length  of  the  feeder  15  miles.  The  elevation  of  the 
sammit  was  to  be  overcome  by  the  ase  of  one  hundred  and  sixty-one  locks,  and  the  cost  of  the 
canal  it  was  estimated  woald  be  less  than  $17,000,000. 

By  two  decrees  successively,  Santa  Anna  extended  the  time  for  the  commencement  of  work 
nnder  Garay^s  concession,  and  Salas,  in  1846,  further  extended  it  to  1848.  In  1846-'47  Garay  assigned 
his  concession  to  Messrs.  Manning  &  Mcintosh,  of  England,  who  again  assigned  the  claim  to  Mr. 
P.  A.  Hargous  and  others  forming  the  Tehuan tepee  Eailroad  Company.  This  company,  in  1850, 
received  passports  from  the  Mexican  Government  for  their  engineers,  the  United  States  minister,  Mr. 
Letcher,  having  advised  Mexico  that  "  the  company  desired  to  make  a  thorough  resurvey,^  as  full 
confidence  was  not  reposed  in  that  made  in  1842.  Hence  the  survey  by  Williams,  1851-'52,  for 
General  Barnard,  arrested,  however,  by  Mexico,  June  3,  1851. 

Mr.  Williams  is  the  first  to  recognize  officially  the  three  natural  main  divisions  of  this  Isthmus. 
The  first  of  these,  distinct  in  its  general  characteristics,  embraces  the  part  from  the  Gulf  of  Mexico 
to  the  Cordilleras'  base }  the  second  embraces  the  mountainous  districts  in  the  center  ^  the  third, 
the  level  country  bordering  the  Pacific.  The  first,  the  Atlantic  plains ;  the  second,  the  mountain 
region ;  the  third,  the  Pacific  plains.  The  first  is  from  40  to  50  miles  in  breadth,  made  of  alluvial 
basins,  and  draining  the  northern  slope  of  the  Cordilleras.  The  second  belt  is  from  Jaltepec  Eiver 
on  the  north  to  within  25  miles  of  the  Pacific,  a  belt  about  40  miles  wide.  The  third  division,  from 
the  base  of  the  mountains  to  the  Pacific,  has  an  inclination  of  from  10  to  15  feet  per  mile. 

The  chief  points  in  the  reported  ^^reconnaissances,''  as  Mr.  Williams  styles  his  interrupted 
work,  are : 

I.  That  Coatzacoalcos  is  the  chief  hydrographic  basin. 

II.  That  with  few  exceptions  the  entire  country  embraced  in  the  northern  division  presents  the 
appearance  of  a  broad  plain,  densely  covered  with  forests. 

ni.  The  chain  of  the  American  Cordillera  traverses  the  middle  division  from  east  to  west,  but, 
instead  of  the  lofty  volcanic  peaks  elsewhere  found,  there  is  a  sudden  depression  of  the  range  in 
its  passage  across  the  Isthmus,  at  a  point  directly  in  the  line  of  shortest  communication  between 
the  two  oceans.  The  table-lands  in  this  section  comprise  an  area  of  about  1,400  square  miles.  By 
a  narrow  opening,  or  gap,  in  the  mountains  which  on  the  south  bound  the  plains  of  Xochiopa, 
Ohivela,  and  Tarifa — mountains  of  1,500  to  2,000  feet  above  the  Pacific — the  descent  is  suddenly 
made  from  the  elevated  table-lands  to  the  Pacific  plains. 

IV.  These  plains  generally  present  a  remarkably  smooth,  even  surface,  with  a  uniform  gentle 
slope  towards  the  sea.  Of  the  eight  rivers  which  drain  this  slope,  seven  empty  into  the  lagoons 
connected  with  the  sea  by  a  narrow  outlet  called  Boca  Barra ;  the  eighth,  the  Tehuantepec,  emp- 
ties directly  into  the  sea  at  La  Yentosa. 

V.  The  most  important  of  these  streams,  as  regards  length  and  volume,  are  the  Ostuta,  Chi- 
capa,  and  Tehuantepec.  The  fact  that  they  always  rise  and  fall  simultaneously  has  originated  the 
belief  in  their  having  a  common  source.  ^'  The  true  reason  is,  no  doubt,  to  be  found  in  the  fact 
that  they  proceed  from  the  highest  points  in  the  Sierra,  and  through  the  upper  part  of  their  course 
are  in  close  proximity." 

YI.  The  lagoons  extend  nearly  40  miles  along  the  southern  ceast,  and  comprise  an  area  of  more 
than  200  square  miles ;  they  are  generally  shallow. 

VII.  The  Bay  of  La  Ventosa  is  only  partially  sheltered. 

VIII.  The  mouth  of  the  Coatzacoalcos  is  115  miles  west  from  the  river  Tobasco  and  110  from 
Vera  Cruz.  Its  width  is  about  1,500  feet.  The  depth  of  either  pass  on  the  bar  diminishes  to  11  or 
12  feet  in  the  month  of  May.  Seven  miles  from  the  Gulf  the  lead  shows  a  depth  of  40  feet.  The 
least  depth  below  Minatitlan  is  12  feet.  ^<The  soundings  made  on  the  bar  at  the  mouth  of  the  river 
give  about  the  same  with  those  given  by  Cortez  in  1520;  the  material  of  the  bar,  therefore,  not 
appearing  to  change  its  position,  gives  promise  of  permanency  in  any  work  designed  for  improving 
the  depth." 

The  survey  which  has  been  now  referred  to  had  for  its  object  "  to  establish  an  available  route 
for  the  great  flood  of  travel  between  the  Atlantic  and  Pacific  coasts."  It  was  for  a  railroad.  No 
observations  were  made  specially  directed  to  the  practicability  of  a  canal.  Instead  of  passing  over 
Moro's  Summit,  Tarifa,  the  passes  of  Chivela  and  Masahua  were  surveyed.    In  1857  the  railway 
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project  was  resumed  under  a  new  survey  executed  by  W.  H.  Sidell ;  and  at  the  present  time  a  rail- 
way transit  across  Tehuantepec  is  actually  supported. 

In  regard  to  the  Isthmus  of  Honduras  it  is  proper  to  state  that  a  knowledge  of  its  physical 
features  has  been  gained  from  the  surveys  instituted  by  the  British  Honduras  Interoceanic  Bail- 
way  Company.  Its  excellent  harbors — Puerto  Caballos,  on  the  Atlantic,  and  La  Union,  on  the 
Pacific — and  its  internal  features  offer  many  attractions  as  a  route  for  railway  transit,  but  it  pos- 
sesses no  merit  as  a  route  for  canal  communication. 


CH  AFTER    X. 

United  States  Isthmian  Expeditions— The  Work  before  them  and  the  special  Fitness  of  the  Navy  to  per- 
form IT— Their  Organization— Methods  of  executing  the  Surveys — Obstacles  encountered — Incidents 
attending  Explorations  in  the  Isthmus — The  Work  accomplished. 

It  will  be  remembered  that  Admiral  Davis  declared  Darien  to  be  almost  a  <'  terra  incognita^'*  and, 
further,  ^<  that  there  did  Dot  exist  in  the  libraries  of  the  world  the  means  of  determining  even 
approximately  the  most  practicable  route  for  a  ship-canal  across  the  Isthmus."  In  the  light  of 
what  has  been  presented  regarding  the  early  explorations  on  the  Isthmus,  the  force  of  this  state- 
ment can  be  readily  appreciated. 

To  deliver  the  problem  from  the  chaotic  state  in  which  it  had  been  placed,  and  remove  a  blot 
from  the  record  of  the  nineteenth  century,  was  the  work  before  the  United  States  Isthmian  Expe- 
ditions. To  effect  this,  exact  and  systematic  methods  replaced  those  of  speculation ;  a  process  of 
elimination  weeded  out  the  routes  possessing  no  merit  and  left  for  the  inspection  of  the  world  those 
that  were  worthy  of  comparison. 

Although  the  earl^^  explorers  generally  failed  to  furnish  satisfactory  results,  their  labors  were 
not  in  vain,  as  many  lessons  were  to  be  gained  by  studying  the  causes  of  their  failures.  These 
studies  developed  a  proper  appreciation  of  the  difficulties  attending  these  explorations,  and  it 
became  clear  that  to  obtain  satisfactory  results  it  was  not  only  necessary  to  use  instruments  of  pre- 
cision, but  that  the  party  using  them  must  be  well  organized  and  backed  by  a  substantial  commis- 
sary department.  Provisions  in  small,  water-tight  packages  suitable  for  transportation  in  a  wilder- 
ness, an  abundance  of  shoes,  clothing,*  and  medical  stores,  a  well-organized  provisioning  party, 
and  a  party  of  native  macheteros  to  cut  through  the  forest,  were  essential  to  success. 

The  selection  of  the  Navy  to  perform  this  work  must  be  regarded  as  wise  and  economical. 
Here  was  a  single  organization  which  had  in  itself  all  the  resources  for  such  work.  The  immediate 
object  was  to  secure  reliable  data  upon  which  the  engineer  could  base  his  calculations  and  make 
his  comparisons.  By  education  and  familiarity  with  instruments  of  precision,  the  naval  officer  was 
competent  to  do  this,  and  the  general  handiness  and  adaptability  of  the  sailor,  qualities  constantly 
called  into  requisition,  fitted  him  specially  for  the  work.  Beyond  the  collection  of  instrumentsd 
data,  there  was  a  field  for  the  employment  of  the  expert  talent  which  was  furnished  by  the  scien- 
tific staff  assisting  in  the  surveys. 

To  insure  the  best  results  a  harmonized  party  was  necessary.  Without  discipline  and  a 
military  spirit,  this  harmony  can  rarely  be  attained  in  a  work  involving  such  extraordinary 
demands  ui)on  the  physical  and  mental  resources.  The  climate  and  the  many  annoyances  of  the 
country  tend  to  produce  a  mental  weariness  and  irritation  which  have  generally  proved  destructive 
to  the  harmony  of  all  parties  unschooled  in  the  art  of  performing  a  duty  for  duty's  sake.  The  rec- 
ords of  the  expeditions  show  with  what  zeal,  energy,  and  ability  the  surveys  were  executed  amidst 
hardship  and  exposure  of  a  painful  character ;  and  it  is  a  fact  of  which  the  United  States  can  feel 
proud  that  the  work  could  not  have  been  more  ably  performed. 

As  already  stated.  Admiral  Ammen,  the  active  spirit  in  developing  the  project  of  systematic 
exploration,  was  made  the  Chief  of  the  Bureau  of  Navigation,  Navy  Department,  where,  under  the 
authority  of  the  Secretary  of  the  Navy,  he  superintended  all  the  important  features  and  many 
details  of  the  organization  of  the  several  Isthmian  expeditions,  and  directed  their  efforts,  as  far 
as  possible,  during  the  surveys. 

The  Darien  Expedition,  the  first  to  enter  the  field,  was  placed  under  the  command  of  Com- 
mander T.  O.  Selfridge,  U.  S.  N.  Guided  by  general  instructions  and  notified  of  the  resources 
placed  at  his  disposal,  the  duty  of  organizing  the  field  parties,  directing  their  work,  maintaining 
them  in  the  field,  and  of  overcoming  almost  insurmountable  obstacles,  was  left  to  him.  The 
resources  of  the  expedition  were  abundant,  both  in  personnel  and  material,  but  an  economical 
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and  successfal  employment  of  them  called  forth  qualities  of  a  high  order  which  were  found  in  the 
judgment,  zeal,  wonderful  energy,  and  executive  ability  of  Commander  Selfridge. 

The  work  of  the  Darien  expeditions  extended  over  a  period  of  five  years,  from  1870  to  1876, 
and  as  the  object  of  the  expeditions  was  to  clear  away  all  doubts  respecting  this  Isthmus  and  its 
vicinity,  all  the  routes  were  examined,  excepting  the  Truando  and  Atrato-San  Juan,  and  their 
practicability  or  impracticability  authoritatively  established. 

From  one  to  three  vessels  of  war  were  employed  during  the  surveys,  as  necessity  required ; 
the  officers  and  men  entering  upon  the  field  duties.  The  resources  of  the  first  two  expeditions, 
those  of  1870  and  1871,  were  further  increased  by  an  able  scientific  staflf.  The  instrumental  outfit 
was  complete  for  astronomical,  topograi)hical,  and  hydrographical  work. 

The  general  plan  pursued  in  the  examination  of  a  route  was  to  make  a  barometrical  recon- 
naissance first,  and,  if  the  result  justified  it,  a  level  and  transit  line  was  run  to  develop  a  correct 
profile.  In  most  cases  this  line  followed  the  bed  of  a  stream  as  far  as  possible,  in  order  to  avoid 
the  necessity  of  cutting  a  wide  trail  through  the  forest  for  the  instrumental  line.  If  the  resulting 
profile  was  unfavorable,  it  was  then  known  that  a  better  one  did  not  exist  in  that  basin,  and  con- 
sequently the  route  was  eliminated.  If,  on  the  contrary,  the  profile  thus  obtained  appeared 
favorable,  the  route  merited  ftirther  study,  and  a  level  and  transit  survey  for  actual  location  was 
made.  Of  all  the  valleys  examined  during  the  Darien  expeditions,  that  of  the  Napipi.  was  the  only 
one  meriting  this  second  study. 

All  the  results  obtained  by  the  expeditions  were  gained  in  the  face  of  innumerable  obstacles 
arising  from  the  character  of  the  country,  its  climate,  and  its  pests.  In  a  preceding  chapter  enough 
hai  been  written  to  give  an  idea  of  the  disagreeable  environment  of  an  explorer  on  the  Isthmus, 
but  when  the  exigencies  of  the  service  requiring  severe  manual  and  mental  labor  are  added,  it  can 
be  inferred  that  his  lot  is  not  a  happy  one.  The  absence  of  roads  of  any  kind  and  the  impassable 
nature  of  the  country  made  it  a  very  difficult  matter  to  forward  supplies  to  the  parties  in  the 
tiold,  as  all  provisions  had  to  be  carried  by  natives  employed  for  the  purpose,  and  in  some  cases 
tlie  journey  to  a  party  in  the  field  would  involve  a  period  of  five  days.  These  circumstances  made 
it  necessary  to  reduce  the  number  in  each  working  party  to  a  minimum,  and  each  officer  and 
man  became  the  bearer  not  only  of  his  personal  effects,  but  each  had  his  share  of  camp  equipage, 
provisions,  and  instrumental  outfit  to  labor  under  on  the  march  and  on  camp  moving  days.  To 
lighten  the  load  as  much  as  possible,  therefore,  became  a  great  object;  and  with  this  view  the  per- 
sonal effects  were  reduced  to  what  was  absolutely  essential,  and  only  two  suits  of  woolen  under- 
garments were  carried.  One  suit  bein?  nearly  always  wet,  the  other  was  carefully  guarded,  and, 
if  possible,  kept  dry  to  sleep  in.  In  the  morning,  sooner  than  run  the  risk  of  having  two  wet 
suits,  the  dry  one  would  be  removed,  carefully  stowed  away  in  the  knapsack,  and  the  cold,  wet  suit, 
after  a  preparatory  wringing  out,  reluctantly  adjusted  to  the  shivering  body.  No  matter  whether 
at  work  in  the  hills  or  in  the  swamps  or  on  the  open  river,  there  are  hardships  all  around.  To 
follow  a  trail  avoiding  rivers  is  to  suffer  thirst ;  to  follow  one  crossing  streams  is  to  pass,  while 
overheated,  into  the  cool  waters  of  the  river;  if  in  the  swamps,  freedom  is  circumscribed  for  days 
by  the  limits  of  a  small  flat-boat ;  and  if  on  the  open  river  pursuing  a  canoe  journey,  sitting 
tailor- fashion  on  the  bottom  of  the  canoe  in  an  inch  or  more  water,  for  hours,  may  at  least  be 
regarded  as  monotonous.  When  to  this  list  is  added  the  general  result,  fever,  it  will  be  readily 
conceded  that  Darien  placed  a  heavy  tax  upon  those  who  struggled  to  learn  her  secrets. 

While  a  detailed  description  of  the  operations  of  the  Isthmian  expeditions  would  be  interest* 
ing,  it  would  be  difficult  to  include  such  an  account  within  the  limits  of  a  single  chapter,  and, 
moreover,  it  is  rendered  unnecessary  by  the  existence  of  elaborate  reports  made  by  the  officers 
commanding  the  different  expeditions.  The  present  purpose  will  be  to  point  to  the  localities  that 
have  been  examined,  to  state  the  results  of  such  examinations,  and  to  show  the  character  and  suf- 
ficiency of  the  information  upon  which  a  final  comparison  of  practicable  routes  depends. 

The  Darien  expedition  of  1870,  operating  from  the  Atlantic  coast,  examined  the  Caledonia, 
Morti,  and  San  Bias  routes.  Notwithstanding  the  unfavorable  reports  of  Strain  and  Qisbome 
respecting  the  Caledonia  route,  Dr.  Cullen  persisted  in  stating  his  belief  that  a  pass  such  as  he 
had  described  really  existed.  This  persistency  left  a  doubt  in  the  public  mind  as  to  the  sufficiency 
of  information  relating  to  this  route,  and  [^  was  therefore  necessary  to  make  such  explorations  and 
H.  Ex.  107 11 
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surveys  as  would  forever  settle  the  question.    As  might  be  expected,  the  results  proved  the  imprac- 
ticability of  the  route  for  the  purposes  of  a  ship  canal. 

The  valleys  of  the  Aglaseniqua,  Washington,  and  Aglatamati  Rivers,  emptying  into  Caledonia 
Bay,  were  subjected  to  instrumental  examination;  a  barometrical  reconnaissance  was  made  over 
the  dividing  ridge  to  the  Sucubti,  thence  by  this  river  to  the  Chucunaqua,  and  down  the  latter 
river  to  its  junction  with  the  Tupuganti;  and,  finally,  a  line  of  levels  was  run  from  the  valley  of 
the  Aglaseniqua  across  the  divide  to  the  headwaters  of  the  Sucubti.  The  divide  was  found  to  vary 
in  height  from  1,000  to  1,500  feet,  and  when  the  level  line  struck  the  Sucubti  its  elevation  was  553 
feet  Referring  to  this  height.  Captain  Selfridge  says  it  "dissipates  all  idea  of  a  pass;  for,  were 
there  such,  this  river  would  flow  to  the  Atlantic  instead  of  the  Pacific;  and  pricks  the  bubble  of 
Dr.  CuUen's  Darien  route,  with  its  highest  elevation  of  200  feet."  To  overcome  the  elevation  on 
this  route  by  a  system  of  lockage  would  be  impossible,  as  the  water  supply  for  the  summit-level  is 
altogether  inadequate,  and  to  seek  a  lower  summit-level  by  tunneling  would  involve  a  tunnel  eleven 

miles  long. 

A  line  of  levels  carried  through  the  valley  of  the  Sassadi  and  over  the  divide  to  the  Morti 
River  developed  a  profile  quite  as  unfavorable  as  that  of  the  Caledonia  route.  The  divide  was  found 
to  be  1,148  feet  high,  and  the  elevation  of  the  Morti,  where  the  level-line  met  it,  289  feet.  Esti- 
mating from  the  elevation  of  the  mouth  of  the  Sucubti,  which  is  stated  to  be  not  less  than  140 
feet,  the  mouth  of  the  Morti  is  placed  at  an  elevation  of  at  least  160  feet.  Tunneling  would  there- 
fore have  to  commence  near  this  x)oint  and  be  carried  for  a  distance  of  nine  miles  to  the  point  of 
tunneling  on  the  Atlantic  slope.  This  fact  alone  is  sufficient  to  condemn  the  route.  These  surveys 
eliminated  the  routes  in  the  vicinity  of  Caledonia  Bay.  It  was  unnecessary  that  the  lines  should 
be  run  across  the  Isthmus,  as  the  unfavorable  conditions  developed  by  the  surveys,  as  far  as  they 
were  carried,  were  sufficient  to  show  the  impracticability  of  the  routes  for  the  puri)oses  of  canali- 
zation. 

Although  the  rainy  season  had  commenced,  it  was  considered  desirable  to  secure  such  a  knowl- 
edge of  the  San  Bias  route  as  would  either  condemn  it  or  lead  to  a  further  survey  the  next  year. 
It  will  be  remembered  that  the  engineers  who  surveyed  this  route  for  Mr.  Kelley,  in  1864,  carried 
their  level  line  from  the  Pacific  to  a  point  on  the  Atlantic  slope  which  was  estimated  to  be  two  or 
three  miles  ftt>m  the  Gulf  of  San  Bias;  and  that  at  this  point  the  survey  had  to  be  abandoned  on 
account  of  the  appearance  of  hostile  Indians.  They  reported  the  route  feasible  with  a  tunnel  seven 
miles  long.  The  fact  that  the  line  was  incomplete,  rendered  it  necessary  that  the  deficiency  should 
be  supplied.  Extraordinary  efibrts  were  therefore  made,  but  the  difficulty  of  forwarding  the 
surveys  became  daily  greater  and  greater  on  account  of  tlie  lieavy  rains  and  floods.  "At  one  time,'^ 
says  Captain  Selfridge,  "I  felt  great  api>rehension  lest  I  should  be  obliged  to  relinquish  the  survey. 
Our  provisions  were  about  exhausted,  our  crews  worn  out  by  the  fatigue  incident  to  the  work,  and 
no  longer  kept  up  by  the  charm  of  novelty;  the  macheteros,  upon  whom  came  the  task  of  carrying 
provisions,  were  discontented  at  being  kept  out  beyond  their  agreement,  and  the  rains  threatened 
to  burst  upon  us  at  any  moment,  rendering  the  return  of  the  parties  from  the  field  both  difficult  and 
dangerous.  Our  stock  of  shoes,  of  which  we  had  used  up  some  six  hundred  pairs,  was  so  low  that 
it  was  difficult  to  equip  a  dozen  men.  At  the  same  time,  could  we  carry  our  levels  over  the  divide, 
we  should  be  able  to  decide  upon  the  practicability  of  this  route,  without  requiring  a  return,  and 
have  the  satisfaction  of  knowing  that  we  had  accomplished  the  task  that  we  had  set  out  to  do.'' 
This  they  succeeded  in  doing. 

The  level  and  transit  line  followed  the  Mandinga  River  to  the  Samgandi,  and  the  latter  river  to 
the  foot  of  the  divide,  where  it  had  an  elevation  of  377  feet.  From  this  point  a  south-southeasterly 
course  was  followed  and  the  dividing  ridge  crossed  at  an  elevation  of  1,142  feet.  The  line  then 
followed  the  Butler  Eiver,  on  the  Pacific  slope,  to  the  Mamoni,  and  this  latter  river  to  its  junction 
with  the  San  Jos6,  a  point  on  the  line  surveyed  by  Mr.  Kelley's  engineers.  The  levels  carried  to 
within  a  mile  of  the  junction  ended  with  an  elevation  of  690  feet.  Captain  Selfridge  states  that 
"  the  junction  of  these  two  rivers  diflfered  from  Mr.  Kelley's  only  half  a  mile,  serving  as  an  excellent 
verification  of  the  correctness  of  this  gentleman's  engineers,  for  our  line  started  from  a  point 
established  by  astronomical  observations,  while  the  other  party  had  the  Pacific  shore  line  for  a 
basis,  which  is  doubtless  half  a  mile  in  error." 


MapB  <<  S"  and  ^^K"  are  from  traciags  fro:a  the  map  of  the  San  Bias  route,  accompanying  the 
report  of  Captain  Selfridge,  and  from  that  prepared  by  Mr.  Kelley's  engineers,  with  additional 
delineation. 
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While  the  main  lino  of  survey  was  advancing,  a  survey  was  made  in  the  valley  of  the  NercaJagna 
to  its  headwaters.  In  summing  up  the  results  of  the  work  on  this  route  Captain  SelMdge  says: 
*'Our  survey  connecting  with  Mr.  Kelley's  givesrus  a  line  of  spirit-levels  from  the  Atlantic  to  the 
Pacific  which,  following  water  courses  that  cut  the  Isthmus  transversely,  produce  the  lowest  possible 
profile.  •  •  •  Upon  looking  at  the  profile,  there  will  be  found  between  the  elevations  of  190  feet, 
this  quantity  including  30  feet  as  the  depth  of  the  canal,  a  distance  of  at  least  10  miles.  A  tunnel 
of  such  length,  and  of  the  dimensions  required  for  a  ship-canal,  is  out  of  the  question  as  regards 
cost,  if  not  without  the  limit  of  engineering  skill ;  and  though  this  line  is  but  27  miles  in  length, 
with  a  most  capacious  harbor,  still,  from  its  mountainous  features,  I  am  compelled  to  pronounce  it 
equally  impracticable  with  the  routes  previously  surveyed  in  the  vicinity  of  Caledonia  Bay." 

The  unfavorable  character  of  this  report  caused  disappointment  to  those  who  looked  hopefully 
to  San  Bias  as  the  probable  route  for  interoceanic  communication ;  and  the  fact  that  neither  survey 
in  itself  was  complete  from  ocean  to  ocean,  left  some  doubts  in  the  public  mind  as  to  the  sufficiency 
of  the  information  relating  to  this  route..  The  two  surveys  seemed  to  be  in  conflict;  on  the  one 
hand,  a  tunnel  seven  miles  long  would  be  required,  and  on  the  other  hand  the  tunnel  would  have 
to  be  at  least  ten  miles  long.  Mr.  Kelley's  engineers  stoutly  defended  the  accuracy  of  their  work, 
and  there  was  no  reason  to  doubt  the  accuracy  of  the  work  performed  by  the  Government  expedi- 
tion. There  seemed  to  be  no  other  way  to  settle  the  matter  than  by  a  new  survey,  but  in  view  of 
the  following  attempt  to  reconcile  the  dififerences,  this  may  be  regarded  as  unnecessary'. 

A  STUDY  OF  THE  SAN  BLAS  SUBVETS. 

Owing  to  well  known  causes,  neither  Kelley's  survey  nor  Selfridge's  furnished,  by  itself,  a  com- 
plete line  from  ocean  to  ocean.  A  combination  of  the  two  surveys  produced  results  which  have 
been  disputed. 

From  the  partial  survey  made  by  Kelley's  engineers  a  line  was  laid  down  between  the  mouths  of 
tbe  Mandinga  and  Bayano  Eivers.  Its  length  is  given  as  27.5  miles.  Seven  miles  of  this  distance 
is  involved  in  a  tunnel. 

From  the  combined  surveys  Selfridge  finds  the  line  between  the  mouth  of  the  Mandinga  and 
ship  navigation  on  the  Bayano  27  miles  long.  To  the  mouth  of  the  Bayano  it  is  334  ^^^^  The 
tunnel  involved  is  10  miles  long.  The  difference  in  length  of  these  two  lines  is  nearly  4  miles,  and 
3  miles  of  this  difference  apply  to  the  tunnel. 

A  careful  study  will  tend  to  show  that  these  statements  are  not  as  conflicting  as  they  seem  to 
be.  This  study  will  be  based  upon  the  data  taken  from  Selfridge's  map  No.  12,  and  from  that  pre- 
pared by  Mr.  Kelley's  engineers  contained  in  Admiral  Davis's  report.  These  will  be  referred  to  as 
Map  S  and  Map  K. 

An  inspection  of  Map  K  shows  that  Kelley's  engineers  followed  the  Bayano  to  the  Mamoni,  the 
Mamoni  to  the  San  Jos6,  and  this  last  river  to  the  divide.  Crossing  the  summit  they  struck  the 
headwaters  of  the  Mandinga,  which  they  followed  down  to  within  an  estimated  distance  of  2  or  3 
miles  from  the  Atlantic. 

An  inspection  of  Map  S  shows  that  Selfridge  worked  up  the  Mandinga  to  the  Samgandi ;  up 
this  river  to  a  small  tributary  by  which  the  line  was  carried  to  the  divide.  Crossing  the  summit, 
the  line  follows  the  Butler  Kiver  to  its  junction  with  the  Mamoni,  and  then  proceeds  down  this 
river  to  its  junction  with  San  Jos^,  where  both  lines  connect.  A  portion  of  the  Mandinga  Eiver  is 
involved  in  both  lines,  but  in  name  only,  a»  will  appear.  The  Mandinga  Eiver  on  Map  K  has  its 
mouth  located  almost  due  south  from  Point  San  Bias.  The  mouth  of  the  Mandinga  on  Map  S 
bears  about  southwest  from  Point  San  Bias,  and  is  7  miles  we^t  from  the  Carti  River,  which  corre- 
sponds to  the  Mandinga  on  Map  K. 

There  is  reason  to  believe  that  much  of  the  confusion  which  attends  the  subject  of  the  San 
Bias  route  is  due  to  the  application  of  the  same  name  to  two  different  rivers.  For  instance,  in  writ- 
ing or  speaking  thus :  "  Kelley's  level  and  transit  line  followed  down  the  Mandinga  and  Selfridge's 
followed  it  up  ";  it  would  ai)pear  that  the  Atlantic  portion  of  both  lines  were  coincident;  but  such 
is  not  the  case.    !No  portion  of  Kelley's  line  on  the  Atlantic  slope  comes  near  Selfridge's  level  and 
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transit  line,  but  it  is  coincident  with  a  line  of  barometrical  reconnaissance  executed  during  the 
second  Darien  expedition. 

The  two  lines  arc  represented  in  the  following  diagram ;  the  stem  of  the  Y  and  its  right  branch 
representing  Kelley's  line ;  the  left  branch  Selfridge's ;  J  is  the  junction : 


ATLANTIC 


TACIFIC. 

A  glance  will  show  that  the  lines  K  J  and  S  J,  treating  of  different  localities,  are  quite  sure  to 
have  different  characteristics,  and  the  stories  they  tell  will  be  in  conflict  if  they  are  both  supposed 
to  treat  of  the  same  section  of  country. 

Begarding  the  lines  as  they  exist,  what  are  the  results  furnished  Y 

Each  line  is  entitled  to  speak  authoritatiyely  as  far  as  it  goes  only. 

Kelley's  survey  gives  all  the  elements  of  a  section  firom  the  Pacific  to  a  i>oint  on  the  Atlantic 
slope,  which  was  estimated  to  be  2  or  3  miles  from  the  coast  line.  Kot  having  reached  the  Atlantic, 
it  bears  no  evidence  to  the  width  of  the  Isthmus. 

Selfridge's  survey,  commencing  on  the  Atlantic,  gives  all  the  elements  of  a  section  to  the 
point  of  junction.  From  this  point  to  the  Pacific,  Kelley's  line  speaks  authoritatively,  and  the  line 
resulting  from  a  combination  of  the  two  is  as  complete  as  if  one  party  had  surveyed  it. 

From  the  plan  and  section  revealed  by  the  combined  surveys  on  this  line  S  J  K  it  will  appear 
that  the  least  length  of  the  canal,  from  ocean  to  ocean,  is  32.43  miles,  and  that  10.68  miles  of  this 
distance  will  require  tunneling. 

Selfridge's  work  was  not  confined  to  this  one  line,  however,  as  he  determined  the  features  of 
the  Nercalagua  Valley.  Connecting  the  elevation  of  190  feet,  determined  by  this  sur^^ey  of  the 
Nercalagua,  with  Kelley^s  point  of  tunneling  on  the  Pacific,  the  result  is  a  tunnel  9.37  miles  long, 
the  length  of  canal,  from  ocean  to  ocean,  being  30.97  miles.  Selfridge's  work,  therefore,  in  connec- 
tion with  Kelley's,  practically  establishes  two  lines  from  ocean  to  ocean.  To  these  two  a  third  is  to 
be  added.  It  is  also  the  result  of  a  combination,  but  in  this  case  all  of  Kelley's  line  is  included, 
which,  it  will  be  remembered,  terminated  within  an  estimated  distance  of  two  or  three  miles  from 
the  Atlantic.  Selfridge's  astronomical  and  hydrographic  work  in  the  Gulf  of  San  Bias,  together 
with  a  barometrical  reconnaissance  up  the  Carti  Eiver,  makes  it  possible  to  replace  the  estimate  by 
actual  data.  Prom  the  Atlantic  end  of  the  tunnel  to  the  shore  the  shortest  distance  on  Map  K  is 
given  as  3.87  miles;  on  Map  S  it  is  7  miles.  This  difference  of  more  than  three  miles  cannot  be 
disputed,  as  it  is  established  by  the  astronomical  determination  of  the  Atlantic  coast  line. 

An  inspection  will  now  be  made  of  the  proposed  line  of  canal  as  laid  down  on  Map  K.  Its 
principal  divisions  are  clearly  shown,  and  their  lengths  are  also  given,  but  they  do  not  correspond 
with  actual  measurements  taken  from  the  map.  The  following  table  shows  the  differences  which 
exist : 


Figures. 

Actual. 

Milee. 
3.693 
7.670 
8.550 
1.250 
6.619 

Greater  or 
leas  by — 

Atlantic  ahore  to  tunnel 

MUet. 
3.873 
7.000 
8.996 
1.314 
6.400 

MilcM. 
-.180 
-f.670 
-.446 
-.064 
-f.219 

Tunnel 

Pacific  end  of  tunnel  to  Panels 

Panels  to  tide'lock 

Tide-lock  to  mouth  of  Bayano 

Total  milea   

27.583 

27.782 
27.583 

-f.889 
-.690 

Difiereuce 

0.199 

+.199 

\) 


A 


to 


«c« .    «<».     «<• , 


7c' 


/ipt//- 
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It  will  appear  from  the  above  that  while  the  length  of  the  line. as  given  and  that  obtained  by 
measurement  differ  but  little,  the  lengths  of  its  sections  differ  considerably.  This  is  particularly 
the  case  with  the  tunnel,  which  shows  an  excess  in  length  of  .67  of  a  mile  or  3,537  feet. 

This  line,  which  will  be  called  the  Carti-Mamoui,  is  plotted  on  Map  S,  and  the  means  of 
determining  the  termini  of  the  tunnel  are  explained  thereon.  The  length  of  the  line  and  each  of 
its  sections  are  given  below,  together  with  those  taken  by  actual  measurement  from  Map  K : 


Carti-Mamoni. 


Atlantic  shore  to  tannel 

Timnol 

Pacific  end  of  tannel  to  Paneis. 
Panels  to  tide-lock r... 

Tide-lock  to  month  of  Bayano  . 

Total  miles 


DiiTorenco 


MapK. 

MapS. 

Milet. 

Mile*. 

3.093 

7.000 

7.670 

8.050 

8.550 

&680 

1.250 

1.368 

0.610 

6.250 

27.782 

31.348 

27.782 

3.566 

Greater  or 
less  by— 


Miles. 
+3.307 
+  .380 
+  .130 
+  .118 
—  .368 


+3.935 
-  .369 


+3.566 


The  greater  part  of  this  difference  applies  to  the  Atlantic  slope,  or  to  the  unfinished  portion  of 
Kelley's  line,  and  for  reasons  already  given  cannot  be  disputed.  The  length  of  the  tunnel  is  not 
much  greater  than  that  taken  from  Map  K,  and  this  excess  can  be  accounted  for  when  it  is  under- 
stood that  Selfridge  found  that  the  two  surveys  differed  about  a  half  a  mile  in  locating  the  mouth 
of  the  San  Jos6. 

By  taking  the  bearings  and  distance  of  the  mouth  of  this  river  from  the  mouth  of  the  Bayano, 
it  will  be  found  that  the  distance  on  Map  S  is  103,304  feet,  and  on  Map  K  101,400  feet;  the  differ- 
ence is  1,904  feet,  or  .36  of  a  mile.  This  difference  being  in  a  direction  which  affects  the  length  of 
the  tunnel,  accounts  for  the  excess  on  Map  S  over  that  on  Map  K. 

Miles. 

Length  of  tunnel.  Map  S 8. 05 

Length  of  tunnel,  Map  K 7.67 

Difference 0.38 


AIB-LINE. 


Diatanoe  across  San  Bias. 

MapE. 

Maps. 

Mouth  of  Bavano  to  A tiantic ,..,,,-^.,--„r,-- 

25.960 

30. 050 

Difference 

25.960 

4.090 

Head  of  Pacific  tide  to  Atlantic 

15.454 

10.525 

15.454 

Difference 

4.071 

These  differences  are  almost  identical,  and  on  that  account  tend  to  show  that,  except  in  the 
width  of  the  Isthmus,  the  two  maps  are  relatively  correct. 


CONCLUSION. 


The  principal  points  of  dispute  connected  with  the  San  Bias  route  were  in  regard  to  length 
of  tunnel,  width  of  the  Isthmus,  and  length  of  line.    The  statements  are  as  follows: 


Width  of  Isthmus 

Lenp;th  of  lino 

Length  of  tunnel. 


MapK. 


Maps. 


25.960 

27.583 

7.000 


30.050 

30. 075  and  33. 250 
9. 375  and  10. 680 
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If  these  statements  applied  to  the  same  line  there  certainly  would  exist  a  wide  difference  of 
opinion^  bat  as  it  has  been  shown  that  they  apply  to  different  localities  they  do  not  conflict  with 
each  other. 

There  can  be  no  conflict  unless  the  two  surveys  can  claim  different  results  for  similar  points. 
In  all  the  work  on  San  Bias  there  is  but  one  point  which  is  common  to  both  surveys,  and  that  is  at 
the  mouth  of  the  San  Jos6  River  where  both  lines  meet,  but  the  very  difference  between  the  two 
locations  of  this  point,  a  half  a  mile,  tends  to  prove  the  general  accuracy  of  both  lines. 

This  study  shows  that  the  combined  surveys  furnish  the  elements  for  three  lines  across  San 
Bias.  On  the  Pacific  slope  they  may  be  regarded  as  having  a  common  stem  to  the  point  of  tun- 
neling, from  which  they  diverge  to  different  points  on  the  Atlantic  coast. 

These  lines  and  their  principal  features  are  given  below : 


4 

Length  of 
line. 

TunneL 

IVf  AiiflincrA^'M'iunnni-'RAiiavO 

33.250 
39.975 
31.348 

10.68 
9.375 
&050 

Cftrti-MRTnoni-BBVMio....rr 

The  point  of  tunneling  on  the  Atlantic  slope  of  the  Carti-Mamoni  is  determined  by  Kelley's 
survey.  In  view  of  the  comparative  shortness  of  the  tunnel  by  this  route,  it  is  well  to  point  out  a 
feature  which  bears  testimony  to  the  correctness  of  this  determination  ;  it  is  that  all  three  points 
of  tunneling  on  the  Atlantic  slope  are  situated  at  nearly  the  same  distance  from  the  divide. 


DABIEN  EXPEDITION  OF  1871. 

The  existence  of  suitable  harbors  determines,  in  the  first  instance,  the  points  from  which 
exploration  should  be  made.  As  the  operations  of  the  previous  year  included  all  the  routes  lead- 
ing from  harbors  on  the  north  coast  of  Darien,  the  exploration  of  this  section  was  finished.  The 
next  harbor  to  attract  attention  is  that  into  which  the  Atrato  River  empties  in  the  Gulf  of  Darien, 
or  Uraba.  This,  certainly  the  finest  harbor  on  the  coast,  and  suitable  in  all  respects  for  the  gi*and 
purpose  of  interoceauic  communication,  was  selected  as  the  locality  from  which  explorations  of  the 
southern  portion  of  Darien  and  the  valley  of  the  Atrato  were  to  be  made. 

The  operations  of  this  year  were  carried  on  during  a  period  of  six  months,  including  all  ot 
the  dry  and  a  portion  of  the  rainy  season.  The  organization  of  the  expedition  was  substantially 
the  same  as  that  of  the  previous  year,  but  it  was  considered  unnecessary  to  include  the  marine 
escort,  a«  the  Indians  of  the  Atrato  Valley  were  not  as  likely  to  interfere  with  the  working  parties 
as  were  the  "Bravos"  of  Darien.  The  vessels  employed  were  the  United  States  ships  Guard  and 
Nipsic  on  the  Atlantic  coast,  and  the  Eesaca  on  the  Pacific.  Owing  to  the  extent  of  country  to  be 
explored,  it  was  necessary  to  commence  work  from  both  sides  of  the  Isthmus.  After  a  prelimi- 
nary reconnaissance  of  the  interior.  Captain  Selfridge  planned  the  work  to  be  undertaken  by  the 
parties  working  from  the  Atlantic,  and  proceeded  by  way  of  Aspinwall  to  the  Pacific,  where  he 
remained  to  direct  the  efiforts  from  that  side.  This  arrangement  was  made  possible,  as  the  Atlan- 
tic division  was  placed  under  the  command  of  Capt.  E.  P.  Lull,  U.  S.  K.,  an  experienced  and 
active  worker  in  the  first  surveys,  who,  although  entitled  to  be  relieved  from  the  command  of  the 
Guard  on  account  of  recent  promotion,  volunteered  to  remain  with  the  expedition. 

From  the  Atlantic  the  main  line  of  survey  was  carried  up  the  Atrato  to  the  Cacarica,  and 
from  this  river  to  the  Peranchita,  which  it  followed  to  the  divide.  From  the  Pacific  the  line  fol- 
lowed the  Tuyra  to  the  Cu6,  and  this  river  to  the  divide,  where  connection  was  made  between  the 
work  of  the  Atlantic  and  Pacific  parties.  The  result  of  the  survey  was  to  prove  the  utter  imprac- 
ticability of  the  route ;  its  harbors  were  the  only  good  features  it  possessed.  The  divide  at  the 
point  where  the  survey  crossed  was  over  800  feet  high,  and  the  Pacific  slope  was  a  net-work  of 
hills,  ranging  in  height  from  200  to  400  feet.  The  length  of  the  actual  canal  frx)m  the  mouth  of  the 
Cacarica  to  a  point  5  miles  below  Santa  Maria,  on  the  Tuyra,  would  be  55  miles ;  and  its  cost. 


^    - 


Atrato-Perauchita-Tuyra  ronte. 
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based  upon  a  system  of  lockage  with  a  summit  level  of  160  feet,  would  exceed  two  hundred  and 
fifty  millions  of  dollars. 

The  results  of  this  survey  settled  the  projects  of  Gogorza  and  De  Lacharme,  and  a  reconnais- 
sance up  the  Tanela  River,  proved  the  inaccuracy  of  De  Puydt's  statements.  At  a  point  four  or 
five  miles  from  tlie  headwaters  of  the  Tanela,  in  a  direct  line,  a  height  was  obtained  by  barometrical 
measurement  of  638  feet ;  so  the  divide  must  be  much  higher  even,  and  very  far  away  from  the 
elevation  of  150  feet  given  it  by  De  Puydt. 

While  these  surveys  were  in  progress,  a  party  was  dispatched  to  Limon  Bay,  on  the  Pacific, 
to  run  a  line  of  levels  from  that  place  over  the  divide  to  the  headwaters  of  the  Napipi  and  down 
the  bed  of  that  river  to  the  Atrato.  This  work  was  successfully  accomplished  and  the  resulting 
profile  showed  that  this  route  merited  closer  study,  but  owing  to  the  lateness  of  the  season  it  was 
impossible  to  continue  the  work  longer. 

As  the  profile  of  the  Napipi  route  showed  the  necessity  of  tunneling  for  five  miles  through  the 
Cordilleras,  it  was  deemed  advisable  to  develop  another  route  in  its  vicinity  which,  it  was  hoped, 
would  involve  a  shorter  tunnel.  With  this  view  a  third  expedition  was  organized.  The  line 
selected  for  development  commenced  at  Ghiri-Ghiri  Bay,  on  the  Pacific,  crossed  the  divide,  and 
entered  the  Tucundo,  which  river  it  followed  to  the  Cuia,  and  the  latter  river  to  the  Bojaya,  which 
carried  it  to  the  Atrato.  The  survey  proved  that  the  valleys  of  the  above  rivers  were  not  as  well 
adapted  for  the  location  of  a  canal  as  that  of  the  Kapipi.  When  this  fact  was  ascertained,  atten- 
tion was  directed  to  the  Doguado,  a  tributary  of  the  Kapipi,  whose  headwaters  were  in  close  prox- 
imity to  the  line  of  survey  from  Chiri-Chiri  Bay.  A  survey  of  the  Doguado  was  therefore  made 
to  the  Napipi  with  the  gratifying  result  of  a  better  profile  than  had  yet  been  obtained,  and  from 
which  it  appeared  that  the  tunnel  would  be  about  three  miles  long.  The  appearance  of  the 
valley  of  the  Napipi  added  largely  to  the  hopes  held  forth  by  the  profile ;  hardly  any  hills  were  to 
be  seen  until  near  the  main  Cordilleras ;  the  banks  of  the  river  were  generally  low,  and  seemed  to 
extend  back  for  some  distance  without  any  rise.  The  total  length  of  the  caual  from  the  Atrato  to 
Chiri-Chiri  Bay  would  bo  only  28  miles.  With  the  data  at  hand.  Captain  Selfridge  planned  and 
estimated  for  a  lock  canal  by  this  route,  which  was  to  cost  about  $61,000,000. 

With  so  much  in  favor  of  the  route,  a  survey  for  actual  location  was  determined  upon,  and, 
at  the  I'equest  of  Captain  Selfridge,  Lieut.  Frederick  Collins,  U.  S.  N.,  was  assigned  to  the  duty  of 
fully  developing  this  line.  This  work  was  performed  during  the  dry  season  of  1875,  and  the  results, 
although  not  as  satisfactory  as  were  hoped  for,  proved  the  practicability  of  constructing  a  canal 
30  miles  long,  with  a  tunnel  of  3^  miles,  at  a  cost  of  about  $98,000,000. 

In  the  case  of  the  valley  of  the  Napipi,  as  in  every  other  case  where  appearances  were  at  all 
relied  upon,  disappointment  resulted.  It  was  a  frequent  experience  of  the  officers  engaged  on  this 
survey,  veterans  in  Isthmian  work,  in  the  face  of  every  evidence  to  the  contrary,  to  encounter  hills 
of  considerable  height  in  places  where  they  expected  to  have  a  good  level  stretch  of  field-work. 
The  height  of  the  trees,  the  density  of  the  forest,  and  the  limited  range  of  anything  like  horizontal 
vision,  prevent  hills  from  being  seen  from  the  river. 

With  this  survey  the  work  of  the  Darien  expeditions  ended.  The  results  obtained,  in  con- 
nection with  those  secured  by  Mr.  Kelley,  relieved  all  doubt  respecting  this  portion  of  the  American 
Isthmus,  and  presented  the  Napipi,  the  Truando,  and  the  San  Bias  routes  as  its  most  practicable 
routes  for  interoceanic  communication. 

TEHUANTEPEO  EXPEDITION. 

Although  the  Tehuantepec  route  had  been  subjected  to  several  instrumental  examinations, 
they  were  mainly  directed  to  ascertain  the  practicability  of  establishing  a  railway  transit,  and 
while  the  question  of  a  suitable  water-supply  for  a  line  of  canalization  received  some  attention,  it 
was  not  satisfactorily  determined.  It  was  therefore  necessary  to  remove  all  doubts  in  this  con- 
nection, and  to  this  end  an  expedition  was  organized  and  placed  under  the  command  of  Capt.  E. 
W.  Shufeldt,  U.  S.  N.,  in  the  fall  of  1870.  In  a  memorandum  setting  forth  the  object  of  the  expe- 
dition and  the  plan  of  operations  to  be  followed.  Captain  Shufeldt  says : 

"  With  the  advantages  of  modem  science  a  canal  can  be  built  anywhere,  involving  only  the 
question  of  expense,  provided  water  can  be  found  to  fill  it.    This  is  the  problem  which  the  expedi- 
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tion  must  solve,  and  for  this  purpose  a  thorough  exploration  mast  be  made  at  the  summit  level 
Tarifa,  said  to  be  680  feet  above  the  sea,  so  far  has  been  considered  the  lowest  elevation,  and  Seiior 
Moro,  in  1843,  devised  a  system  of  feeders  from  the  adjacent  rivers  by  which  water  conld  be  brought 
to  that  point  suflflcient  for  the  purpose.  It  will  be  the  object  of  the  present  party  to  verify  his 
report,  and  also  to  ascertain  if  any  additional  source  of  supply  can  be  obtained. 

<'  If  water  cannot  be  obtained,  either  by  natural  or  artificial  means,  at  that  point,  or  some 
lower  level  found,  then  any  further  work  will  be  useless  so  far  as  this  expedition  is  concerned. 
But,  getting  a  satisfactory  solution  to  this  problem,  then  I  suggest  a  survey  of  the  lagoons  on  the 
Pacific  side,  and  an  examination  of  the  outlet  of  the  lagoons  into  the  ocean,  with  a  view  of  deter- 
mining  their  character  as  a  harbor. 

"On  the  Gulf  I  propose. a  survey  of  the  bar  of  the  Coatzacoalcos,  to  estimate  the  possibility  of 
deepening  it.  That  being  found  unadvisable,  then  to  examine  the  adjacent  point,  ^  La  Barilla,' 
with  a  view  to  forming  an  artificial  harbor  for  the  entrance  of  the  canal.  This  work  being  accom- 
plished, I  propose  to  follow  the  probable  line  of  the  canal  between  these  ports,  to  form  some  estimate 
of  the  character  of  the  soil,  the  natural  obstacles,  and  the  liability  to  inundation  during  the  rainy 
season.  We  do  not  propose  to  define  the  character  of  the  work  to  be  constructed  or  to  estimate  its 
cost.  An  undertaking  of  such  magnitude  should  not  be  commenced  until  every  foot  of  the  way  has 
been  thoroughly  examined,  and  every  possible  contingency  calculated.'' 

In  accordance  with  these  considerations,  an  examination  was  first  made  of  the  plan  proposed 
by  Senor  Moro  for  feeding  the  summit-level  of  a  canal  at  Tarifa  Pass  by  the  junction  of  the  Ostnta 
and  Chicapa  Elvers.  It  was  found  that  the  joint  delivery  of  these  rivers  was  not  sufficient  to  feed 
a  canal,  and,  moreover,  that  it  would  be  impossible  to  effect  a  junction  between  them  as  the  Ostuta 
lies  180  feet  below  the  summit.  An  examination  of  all  the  streams  in  the  vicinity  of  Tarifa  and 
Ghivela  passes  was  then  made,  and  it  was  found  that  their  aggregate  delivery  was  insignificant, 
and,  in  addition,  that  most  of  them  did  not  possess  the  necessary  elevation  at  suitable  i)oint4}  even 
if  their  delivery  was  ample  for  the  purpose  needed. 

While  this  examination  was  in  progress,  several  level  and  transit  lines  were  run  to  ascertain 
the  elevation  of  the  different  passes  through  the  Cordilleras,  with  the  hope  of  finding  a  lower  summit 
than  that  of  Tarifa.  The  results  showed  that  Tarifa  was  the  lowest  and  most  available,  therefore 
the  route  for  the  canal  became  limited  to  that  pass. 

The  problem  to  supply  the  summit  level  with  water  still  remained  unsolved,  and  attention  was 
turned  to  the  Eio  Corte,  or  Upper  Coatzacoalcos,  as  the  only  river  likely  to  fulfill  the  required  jcou- 
ditions.  It  was  found  that  the  Corte  could  supply  a  sufficient  amount  of  water  at  a  suitable  eleva- 
tion to  feed  a  canal  having  a  wet  suction  22  feet  deep,  60  feet  wide  at  the  bottom,  and  162  feet  wide 
at  the  surface. 

A  level  and  transit  lipe  was  completed  between  Salina  Cruz,  on  the  Pacific,  to  the  junction  of 
the  Blanco  and  Corte  Kivers,  but  with  the  limited  force  in  the  field  it  was  not  found  possible  to 
continue  the  line  to  the  Atlantic.  From  the  previous  surveys  for  railway  purposes,  it  was  assumed 
that  the  route  of  the  canal  would  be  from  the  head  of  ship  navigation  in  the  Coatzacoalcos,  near 
the  island  of  Tacamichapa,  thence  by  the  valley  of  that  river  to  the  summit  at  Tarifa;  descending 
the  Pacific  slope  by  the  valley  of  the  Chicapa  to  the  harbor  of  Salina  Cruz.  The  length  of  the  canal 
by  this  route  would  be  144  miles  and  the  number  of  locks  required  one  hundred  and  forty.  To 
utilize  the  water  supply  of  the  Corte,  a  feeder-line  27  miles  long  will  have  to  be  constructed.  With 
reference  to  a  canal  by  this  route.  Captain  Shufeldt  concluded  that  it  "can  only  be  deemed  practi- 
cable to  the  extent  of  its  political  and  commercial  necessity,  measured  by  the  progress  of  the  age." 

NICARAGUAN  EXPEDITION. 

The  determination  of  the  most  practicable  route  for  interoceanic  communication  through 
Nicaragua  was  greatly  facilitated  by  a  knowledge  of  the  general  character  of  the  country,  and 
particularly  by  the  special  information  furnished  through  the  survey  made  by  Col.  O.  W.  Childs. 
For  the  important  duty  of  testing  the  correctness  of  this  survey  and  of  extending  the  inquiries  so 
as  to  include  the  whole  territory  lying  in  the  region  of  available  routes  Commander  A.  F.  Cros- 
man,  U.  S.  N.,  was  selected.  The  expedition  was  organized  and  sailed  from  Key  West  on  board 
of  the  United  States  steamer  Kansas,  Commander  Chester  Hatfield  commanding,  and  arrived  off 
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Greytown,  Kicaragaa,  on  April  7, 1872.  Here,  at  the  threshold  of  the  scene  of  its  labors,  a  sad 
.  accident  deprived  the  expedition  of  its  capable  and  gifted  commander.  On  the  12th  April,  while 
passing  through  the  surf  on  the  bar  off'  Harbor  Head,  in  the  vicinity  of  Greytown,  the  steering  oar 
of  the  whale-boat  broke,  the  boat  broached  to  and  capsized.  Commander  Crosman  retained  his 
self-possession  and  command  of  the  party,  and,  when  the  boat  drifted  upon  the  bar  where  a  footing 
could  be  obtained,  he  had  the  boat  righted  and  put  head  to  sea,  but  in  spite  of  every  effort  she  was 
repeatedly  overturned  and  the  officers  and  men  washed  away  from  her.  On  the  last  occasion  the 
boat  drifted  from  the  bar  into  deep  water  with  Midshipman  Stevens  and  four  men  clinging  to  her. 
Commander  Crosman  endeavored  to  swim  to  a  small  spit  of  land  near  by,  but  a  strong  current 
carried  him  into  the  breakers,  when  he  was  seen  to  sink  in  the  surf.  The  remaining  officers  and 
men  of  the  whale-boat  were  rescued,  but  Master  Alfred  Force  aqd  four  seamen  of  the  first  cutter's 
crew  were  drowned  in  attempting  the  rescue. 

The  command  of  the  exi)edition  now  devolved  upon  Commander  Hatfield.  He  proceeded  with 
the  surveying  parties  to  Lake  Nicaragua  and  commenced  operations  on  the  west  side  of  the  lake,  but 
owing  to  the  lateness  of  the  season  he  was  unable  to  carry  the  work  to  completion.  He  succeeded, 
however,  in  securing  valuable  information  respecting  the  Sapoa,  Lajas,  Buena  Vista,  and  Ochomoga 
routes,  between  the  lake  and  the  Pacific. 

On  the  Sapoa  route,  the  most  southerly  of  the  transverse  valleys  across  the  Cordilleras,  a 
level  and  compass  line  was  carried  from  the  lake  to  the  summ'it,  which  was  found  to  have  an  eleva- 
tion of  about  900  feet  above  the  lake.  This  elevation,  together  with  the  unfavorable  asi)ects  of 
the  remainder  of  the  route,  which  was  examined  without  instruments,  caused  its  abandonment  as 
impraeticable.  The  Lajas  route  was  surveyed  from  the  lake  to  the  harbor  of  Brito,  and  the  results 
were  in  close  agreement  with  those  obtained  by  Colonel  Childs.  The  total  length  of  the  line  is 
18.52  miles,  and  the  highest  elevation  of  the  natural  surface  of  the  ground  was  found  to  be  49.28 
feet  above  the  level  of  the  lake  as  it  stood  on  May  2, 1872.  The  height  of  mean  high  laSe  above 
high  water  at  Brito  was  determined  to  be  103.14  feet. 

In  surveying  the  line  just  described,  frequent  reconnaissances  were  made  with  the  object  of 
finding  another  line  by  which  the  route  would  be  shortened  and  the  valley  of  the  Rio  Grande 
avoided.  From  the  knowledge  gained  in  these  reconnaissances  it  was  deemed  advisable  to  survey 
from  a  point  about  half- way  between  the  lake  and  the  Pacific,  on  the  Lajas  line,  to  the  divide  and 
thence  to  the  lake  by  the  Rio  del  Medio.  It  was  not  possible  to  complete  this  work,  but  the  survey" 
was  carried  far  enough  to  give  results  which  pointed  to  the  possibility  of  locating  a  line  having 
better  conditions  for  surface  draiuage  than  the  valley  of  the  Rio  Grande  afforded,  and  which  would 
at  the  same  time  be  shorter  than  the  line  previously  located  by  the  Laja«i  route,  but  the  cut  through 
the  dividing  ridge  would  have  to  be  much  deeper. 

A  level  and  compass  survey  commencing  at  the  Rio  del  Medio  line,  near  the  summit,  was  carried 
in  a  northerly  direction  for  5  or  6  miles  to  a  depression  called  Buena  Vista,  which  was  found  to 
have  an  altitude  of  186  feet  above  the  lake.  Th«  survey  was  then  carried  down  the  valley  of  the 
Chacalapa  to  a  point  near  its  junction  with  the  Tola,  when  further  work  was  prevented  by  heavy 
rains.  The  distance  from  the  lake  to  Brito  by  this  route  is  about  20  miles.  The  survey  of  the 
Ochomoga  was  carried  to  a  point  about  8  miles  from  the  lake,  when  the  surveying  party  was 
recalled.  The  bed  of  the  stream  at  the  point  where  the  line  ended  was  found  to  be  79  feet  above 
the  lake.    The  banks  of  the  river  were  33  feet  higher. 

The  parties  were  recalled  on  the  10th  of  June,  and  all  work  discontinued  except  the  survey  of 
the  lake,  for  which  purpose  Commander  Hatfield  detailed  Midshipmen  J.  D.  Keeler,  E.  M.  Hughes, 
and  Francis  Winslow,  with  four  seamen,  to  remain  and  execute  this  duty  during  the  rainy  season. 

EXPEDITION  OF  1872-'73. 

In  November,  1872,  the  expedition  was  reorganized  under  the  command  of  Capt.  E.  P.  Lull, 
U.  S.  N.,  and  proceeded  to  Nicaragua,  where  work  was  resumed  during  the  latter  part  of  Decern 
ber,  and  carried  forward  to  completion. 

The  clearness  with  which  Captain  Lull  states  the  conditions  of  .the  problem  and  its  solution, 
with  reference  to  Nicaragua,  makes  it  ^jesir^^^^®  ^^  quote  largely  from  that  portion  of  his  report 
which  relates  to  this  subject.    He  sr^^ 
H.  Ex.  107 12      ^        *  ^' 
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"A  glance  at  the  map  will  show  that  any  project  for  a  canal  through  Nicaragua  must  involve 
the  lake  of  the  same  name,  not  only  because  its  water  is  needed  at  the  summit-level,  but  because 
it  occupies  the  narrowest  part  of  the  country.  The  problem,  then,  to  be  solved  is  the  finding  of 
the  most  accessible  line  of  communication  from  the  lake  to  the  Pacific  on  one  side  and  to  the 
Caribbean  on  the  other.  The  coast  line  on  either  side,  and  the  shore  line  of  the  lake,  were  long 
ago  laid  down,  the  former  with  great  and  the  latter  with  a  passable  degree  of  accuracy. 

"  The  river  San  Juan,  forming  the  only  outlet  of  the  lake,  leaves  it  at  the  southeast  extremity, 
at  which  point  the  lake  shore  approaches  most  nearly  to  the  Caribbean.  It  is  quite  clear  that  there 
is  between  the  lake  and  the  Caribbean  a  line  of  communication,  and  that  it  is  not  only  the  shortest, 
but  the  lowest  line,  for  if  any  other  were  lower,  or  as  low,  there  would  then  be  another  outlet. 
How  good  a  line,  both  in  an  engineering  and  a  commercial  point  of  view,  this  will  prove  to  be,  is 
the  only  question  to  be  solved  on  that  side  of  the  lake.  This  information,  however,  would  be  of  no 
practical  value  unless  it  was  also  found  that  a  practicable  line  could  be  located  between  the  lake 
and  the  Pacific.  The  first  efforts  of  any  explorer  would  therefore  naturally  be  turned  to  that  side 
of  the  lake. 

<<  A  narrow  strip  of  land  divides  the  lake  from  the  Pacific,  and  our  examination  of  the  map 
shows  that  from  Virgin  Bay,  on  the  lake,  to  San  Juan  del  Sur,  the  distance  is  but  12  miles.  Were 
our  knowledge  of  the  country  confined  to  the  coast  and  shore  lines  above  mentioned,  the  route 
between  these  two  pointa  would  naturally  be  the  first  examined,  and  the  results  obtained  would 
thereafter  be  used  as  a  standard  of  comparison  until  some  other  line  was  found,  the  sum  of  whose 
conditions  gave  a  better  general  result.    The  conditions  to  be  sought  are: 

"1.  The  shortest  distance. 

"2.  The  lowest  profile. 

"3.  The  most  favorable  ijrofile. 

"To  Explain  what  is  meant  by  this  last,  that  profile  is  most  favorable,  other  things  being  equal, 
whose  summit  is  nearest  the  lake,  as  it  enables  us  to  locate  our  locks  to  the  greatest  advantage, 
which  advantage  is  often  twofold:  first,  we  are  saved  the  necessity  of  crowding  the  locks  together, 
which  sometimes  is,  and  sometimes  is  not,  disadvantageous;  and,  second  and  principally,  we  are 
(>nabled  so  to  locate  the  locks  with  refereiice  to  the  surface  as  to  diminish  very  much  the  amount 
of  excavation  required. 

"A  fourth  consideration  is  that  the  line  shall  debouch  at  a  poiut  where  a  sufticient  harbor  either 
exists  or  can  be  made  to  protect  the  mouth  of  the  canal  from  the  sea.  Tlieie  are  two  other  very 
important  considerations  to  be  kept  in  sight,  one  of  which  is  the  number  of  streams  which  intersect 
the  line,  the  other  the  existence,  or  non-existence  of  accessible  locations  for  the  deposit  of  materials 
excavated.  Of  course,  in  comparing  different  routes,  the  points  have  to  be  considered  together,  as 
it  often  happens  that  a  route  superior  in  one  respect  is  inferior  in  anothei*.    ♦    ♦    ♦ 

"Fortunately  a  great  deal  was  known  in  advance  in  regard  to  the  western  division  of  the 
work.  The  country  had  been  more  or  less  explored,  and  at  least  one  line  had  been  reported  as 
extremely  favorable,  t.  e.,  that  from  the  mouth  of  the  Rio  Lajas  to  Brito,  surveyed  by  Col.  O.  W. 
Childs  in  1851.  In  accordance  with  the  instructions  of  the  Department,  this  line  was  che  first  ex. 
amined  by  the  expedition  of  last  year,  under  Commander  Hatfield.  The  report  of  Colonel  Childs 
was  found  to  be  correct  in  the  main,  and  his  route  was  afterwards  taken  as  the  standard  of  com- 
parison for  all  others.'' 

For  the  reasons  mentioned.  Captain  Lull  directed  the  first  efforts  of  the  expedition  to  a  definite 
determination  of  the  best  route  from  the  lake  to  the  Pacific.  Commencing  with  the  most  southerly, 
the  routes  claiming  attention  are  as  follows : 

1.  From  the  mouth  of  Sapoa  River  to  the  Bay  of  Salinas. 

2.  From  La  Virgen  to  San  Juan  del  Sur  by  the  transit  road. 

3.  By  the  rivers  Lajas,  Guscoyal,  and  Grande,  to  Brito. 

4.  By  the  Rio  del  Medio  and  Rio  Grande  to  Brito. 

o.  By  the  pass  of  Buena  Vista,  the  rivers  Chacalapa,  Tola,  and  Rio  Grande,  to  Brito. 

6.  The  valley  of  the  Gil  Gonzales. 

7.  The  valley  of  the  Ochonioga. 


Map  of  a  i)ortion  of  Nicaragua,  showing  line  of  actual  location  foi^a  ship-canal,  and  the  routes 
that  have  been  snrvoyed* 
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8.  From  the  uortli western  extremity  of  Lake  Managua  across  the  valley  of  Leon  to  the  Bay  of 
Fonseca,  the  port  of  Kealejo  or  some  other  port  on  the  Pacific. 

As  the  Sapoa  and  Buena  Vista  routes  were  eliminated  by  the  surveys  of  the  previous  year,  it 
was  unnecessary  to  investigate  them  any  further.  The  remaining  routes  were  examined  and  the 
following  results  obtained : 

By  the  valley  of  the  Gil  Gonzales  the  most  favorable  pass  has  an  altitude  of  430  feet  above 
the  lake,  and  the  length  of  the  route  via  the  Gil  Gonzales,  Chacalapa,  Tola,  and  Eio  Grande  valleys 
to  Brito  would  be  about  twenty-four  miles. 

On  the  Ochomoga  route  the  summit  is  located  16  miles  from  the  lake  and  has  an  altitude  of 
225  feet.    The  length  of  the  line,  carried -on  the  Pacific  slope  in  the  valley  of  the  Tobillo  to  that  of 
.the  San  I'^gnacio  and  by  the  latter  to  the  Bay  of  Albina,  would  be  about  30  miles. 

The  Managua  route,  indicated  by  Louis  Napoleon,  involves  the  navigation  of  Lake  Nicaragua 
to  the  Eio  Tipitapa,  by  which  it  ascends  to  Lake  Managua,  which  it  leaves  at  its  northwestern 
extremity,  as  stated  above.  The  main  object  seems  to  have  been  to  secure  the  port  of  Eealejo  for 
the  Pacific  terminus.  The  examination  which  was  made  of  this  route  proved  its  inferiority.  Mr. 
Menocal  sUites  that  ^'the  enormous  amount  of  dredging  required  in  both  lakes  and  in  the  estero  to 
obtain  the  requisite  depth  of  26  feet,  the  increase  of  45  feet  of  lockage  necessary  to  overcome  the  dif- 
ference of  level  between  the  two  lakes,  amounting  to  22.50  feet,  and  the  uncertainty  as  to  the  pos- 
sibility of  keeping  Lake  Managua  at  the  elevation  required,  owing  to  its  limited  watershed  and 
the  changes  its  elevation  has  undergone  during  a  recent  period,  particularly  if  we  take  into  con- 
sideration the  porous  nature  and  the  consequent  absorbing  power  of  the  volcanic  formation  of  the 
valley  of  Leon,  together  with  the  difficulties  to  be  overcome  in  canalizing  the  estero  from  Pasquiel 
to  Lake  Managua,  and  the  formidable  amount  of  cutting,  with  an  extreme  depth  of  119  feet  above 
the  water,  from  this  lake  to  the  Pacific,  a  distance  of  about  22  miles  by  the  shortest  line  to  Tama- 
rindita,  and  42  miles  to  Realejo,  were  sufficient  considerations  to  discontinue  any  further  operations 
in  this  direction  and  abandon  the  line  as  impracticable,  at  least  when  compared  with  the  more 
favorable  one  surveyed  in  the  department  of  Rivas." 

The  route  from  Virgin  Bay  to  San  Juan  del  Sur  is  shorter  than  any  other  between  the  lake 
and  the  Pacific.  It  was  hoped  that  this  feature  and  a  good  port  might  compensate  for  the  disad- 
vantage of  a  high  summit,  but  an  examination  showed  that  while  the  route  would  be  only  14.5 
miles  long,  the  elevation  of  the  summit  is  605  feet  above  the  Pacific,  and  borders  it  so  closely  as 
to  render  the  location  of  locks  on  the  steep  slope  a  very  difficult  matter. 

The  elimination  of  all  these  routes  limited  the  field  of  exploration  to  the  locality  of  the  Lajas 
and  Eio  del  Medio  routes.  From  a  point  abopt  midway  between  the  lake  and  the  Pacific  these 
routes  coincide,  so  that  the  field  njeriting  study  was  still  further  reduced  to  the  watersheds  of 
the  rivers  Lajas  and  Del  Medio,  on  the  lake  slope.  During  the  surveys  of  the  previous  year 
enough  had  been  learued  to  indicate  that  the  Rio  del  Medio  route  would  present  better  condi- 
tions for  surface  drainage,  and  as  the  route  was  very  promising,  the  surveying  parties  were  directed 
to  execute  their  work  with  great  care  and  detail.  Between  the  point  of  junction  mentioned  above 
and  the  lake,  the  two  lines  of  survey  offer  the  following  results  for  comparison.  On  the  Lajas 
route  provision  would  have  to  be  made  for  the  waters  of  the  Guscoyal,  Espinal,  Rio  Grande,  and 
eight  smaller  streams,  while  only  two  small  ones,  the  Del  Medio  and  Chacolata,  are  to  be  provided 
for  on  the  Del  Medio  route. 

In  the  matter  of  length  the  Del  Medio  route  is  the  shorter  by  1.49  miles,  but  the  elevation  of 
its  summit  is  90  feet  greater  than  that  of  the  Lajas.  This  difference  in  the  summit  elevations 
would  make  the  cost  of  a  canal  by  the  Medio  route  much  greater  than  by  the  Lajas  route; 
nevertheless,  as  it  presented  more  favorable  conditions  for  the  permanency  of  the  work,  it  was 
adopted  as  the  best  suited  for  the  location  of  a  canal. 

In  1880,  the  Secretary  of  the  Navy  directed  Civil  Engineer  A.  G.  Menocal,  U.  S.  N.,  who  had 
assisted  in  both  the  Nicaraguan  expeditions,  to  make  a  further  study  of  this  locality,  in  order  to  ascer- 
tain thd  practi«ability  of  diverting  the  Rio  Grande  to  the  lake  and  thus  remove  the  only  objection 
to  .the  Lajas  route.  His  studies  met  with  very  gratifying  results  as  will  be  seen  by  his  report, 
which  is  given  in  connection  with  the  technical  discussion  of  the  Nicaragua  route  in  Chapter  XIII. 

The  best  route  between  the  lake  and  the  Pacific  having  been  determined,  the  whole  force 
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of  the  expedition  was  applied  to  the  survey  of  San  Juan.  In  order,  to  have  a  complete  line  of 
levels  from  ocean  to  ocean,  and  to  ascertain  the  width,  depth,  and  course  of  the  San  Juan,  a  com- 
plete survey  was  made  of  this  river  from  the  lake  to  Greytown.  This  line  of  levels  wa«  carried 
through  a  distance  of  ll9  miles  by  the  river,  mid  when  compared  with  the  line  on  the  Pacific  side, 
"showed  the  elevation  of  the  lake  to  be  absolutely  the  same  above  mean  tide  of  either  sea.  When 
the  character  of  the  ground  passed  over  is  considered,  this  coincidence  seems  quite  remarkable, 
and  shows  with  what  extreme  care  the  work  was  executecl.'** 

While  this  work  was  in  progress,  a  survey  was  ,made  along  that  portion  of  the  valley  of  the 
San  Juan  where  the  canal  would  have  to  be  independent  of  the  river.  From  an  inspection  of 
the  Upper  San  Juan  it  was  found  that  between  the  lake  and  Castillo  rapids  the  river  could  be 
improved  to  meet  the  requirements  of  ship  navigation.  It  was,  therefore,  decided  to  commence 
the  survey  for  the  location  of  the  canal  along  the  left  bank  of  the  river  firom  Castillo  rapids.  This 
work  was  successfully  accomplished,  and  it  is  very  gratifying  to  know  that  it  was  executed  with 
great  fullness  and  accuracy  of  detail.  The  direction  of  the  survey  was  determined  by  reconnais- 
sances ahead  of  the  line,  the  character  of  the  excavations  determined  by  borings,  and  actual  loca- 
tions determined  upon  for  such  hydraulic  works  as  would  be  necessary  in  overcoming  the  elevation 
of  the  summit. 

"  It  was  neither  the  design  of  the  Department,''  says  Captain  Lull,  "  nor  was  it  within  the 
limits  of  possibility,  to  make,  with  the  means  and  time  available,  particularly  with  the  very  small 
appropriation,  an  exhaustive  final  survey.  I  feel  safe  in  asserting,  however,  that  the  country  has 
been  so  far  examined  that  a  close  approximation  to  the  best  line  has  been  found.  The  line  as  laid 
down  on  the  maps  and  the  computations  herewith  presented  are  the  result  of  actual  survey. 
Nothing  has  been  taken  for  granted,  while,  on  account  of  the  great  promise  of  the  lines  at  the 
outset,  the  surveys  have  been  made  much  more  in  detail  than  would  have  been  the  case  if  they 
had  been  considered  mere  preliminary  reconnaissances.  So,  that,  while  it  is  altogether  probable 
that  the  line  may  be  improved  upon  in  many  places,  it  can  never  be  found  to  be  any  less  favorable 
than  it  is  here  represented.'' 

On  all  these  Isthmian  expeditions  much  valuable  information  was  secured  by  the  scientific 
staff;  and,  in  addition  to  the  development  of  the  topography  of  the  different  routes,  astronomical 
determinations  were  made  of  initial  points  and  hydrographic  surveys  were  executed  of  all  the 
terminal  ports. 

PANAMA  EXPEDITION. 

Upon  the  request  of  the  Interoceanic  Canal  Commission  for  more  specific  information  in  rela- 
tion to  the  Isthmus  of  Panama,  the  Secretary  of  the  Navy  directed  that  a  close  instrumental  ex- 
amination should  be  made  of  the  route  in  the  vicinity  of  the  railroad.  Capt.  E.  P.  Lull,  who  was 
charged  with  the  execution  of  this  duty,  was  assisted  by  Mr.  Menocal  and  several  of  the  officers 
who  had  participated  in  the  Nicaragua  surveys.  He  was  also  directed  to  make  an  examination  of 
the  Bayano  Biver,  on  the  San  Bias  route,  as  it  was  suggested  that  the  route  might  be  found  prac- 
cticable  "  if  the  near  approach  of  massive  solid  ground  on  both  sides  of  the  Chepo  should  make  it 
possible  by  dams  to  flood  considerable  areas  and  distances  for  slack  water  navigation."  The  results 
of  these  examinations  are  given  in  the  technical  discussion  of  these  routes.  As  it  was  deemed 
impracticable  to  make  a  thorough  cut  from  tide- water  to  tide- water,  on  the  Panama  route,  the  sur- 
vey was  directed  to  secure  a  line  of  location  for  a  lock  canal.  This  work  was  executed  during  the 
winter  of  1875,  and  the  results  showed  that  a  lock  canal  by  this  route  was  practicable,  and  its  cost 
was  estimated  at  $94,511,360. 

This  expedition  completed  the  series  of  explorations  undertaken  by  the  United  States,  which 
furnish  data  covering  the  whole  Isthmus  as  far  as  it  is  applicable  to  ship-canal  purposes. 
While  the  character  and  sufficiency  of  the  information  thus  obtained  of  any  particular  route  are 
not  questioned,  there  is  often  a  lingering  doubt  as  to  its  sufficiency  concerning  the  whole  Isthmus* 
What  reason  is  there  for  believing  that  a  better  route  than  any  examined  may  not  have  been  over- 
looked t    The  answer  is  in  the  system  followed  in  making  the  surveys.    Referring  again  to  the 


Jieport  of  Captain  E.  P.  Lull,  U.  S.  N. 


INTEEOCEANIC  COMMUNICATION  BY  WAY  OF  AMEKICAN  ISTHMUS.        93 

axiomatic  statement  that  the  bed  of  a  river  furnishes  the  line  of  lowest  levels  in  the  basin  drained^ 
it  will  be  evident  that  if  the  profile  determined  by  these  levels  is  unfavorable,  the  whole  territory 
drained  by  such  river  is  eliminated  from  the  field  of  study.  If  the  profile  is  favorable  it  justifies 
an  instrumental  examination  of  the  valley  for  an  approximate  location  of  the  canal  line.  When 
all  the  rivers  which  merit  investigation  have  received  it,  the  result  is  the  same,  as  far  as  it  relates 
to  the  location  of  a  canal,  as  if  every  square  mile  of  the  Isthmus  had  been  surveyed.  The  United 
States  Isthmian  expeditions  have  executed  this  work,  and  their  results,  in  connection  with  some 
others  furnished  through  individual  efforts,  fully  satisfy  the  question  as  to  the  chatacter  and  suffi- 
ciency of  information  to  name  the  only  practicable  routes,  to  make  a  final  comparison  of  them,  and 
to  decide  which  is  relatively  the  best. 


CHAPTER    XI. 

^  The  Wyse  Surveys  and  the  Paris  Conference. 

THE  WYSE  SURVEY  OF  1876  AND  1877. 

On  the  Otb  of  October,  1876,  Lieut.  L.  B.  Wyse,  of  the  French  Navy,  was  authorized  by  a 
society  calling  itself  the  "  Society  Internationale  du  Canal  Interocdanique '^  to  proceed  to  Central 
America  for  the  purpose  of  exploration. 

The  "Soci^t^''  was  a  speculative  company,  of  which  General  Turr  was  the  president.  The 
''  Internationale"  part  of  their  title  was  derived  from  the  fact  that  the  United  States  of  Columbia 
bad  been  induced  to  name  two  '*  delegates." 

Lieutenant  Wyse  was  instructed  to  examine  first  the  route  from  the  Gulf  of  Urabd  (Darien) 
to  the  Gulf  of  San  Miguel,  by  way  of  the  Atrato,  Cacarica,  and  Paya  Eivers.  This  route  is  the 
one  proposed  by  Senor  Gogorza.  In  case  of  the  difficulties  presented  by  this  line  being  insur- 
mountable, he  was  then  to  explore  any  route  that  seemed  feasible  ^^  to  the  south  and  east  of  the 
line  joining  Capes  Tiburon  and  Garachin6."  These  instructions  were  submitted  to  and  approved 
by  M.  de  Lesseps. 

It  may  be  remarked  that  the  territory  north  and  west  of  the  line  joining  Capes  Tiburon  and 
Garachin(3  was  inchided  in  the  grant  to  the  Panama  Baihoad  Company,  and  tbo  right  of  way 
through  it  would  have  to  be  purchased.  Noticing  this,  it  is  plain  that  M.  Wyse  was  not  instructed 
to  seek  the  best  line,  but  the  best  line  in  a  certain  territcfry  where  the  "  Soci^t^  "  could  secure  a 
concession  and  profit  bj^  its  sale. 

The  expedition  was  composed  of  Lieutenant  Wyse,  commander ;  Lieutenant  K^clus,.  Captain 
Jiixio,  M.  Celler,  Ing^nieur  en  chef  des  Ponts  et  Chauss^es ;  Messrs.  W.  Brookes,  B.  Gerster,  J. 
Millat,  V.  Barbiez,  G.  Musso,  N.  Boudoin,  and  L.  De  Lacharme,  engineers ;  Dr.  C.  Viguier,  natu- 
ralist; Messrs.  E.  Genty,  L.  Chariot,  C.  de  Merendol,  P.  Pouydess^au,  J.  Lenoan,  and  D.  Giocanti, 
assistants;  Messrs.  T.  Carranza  and  M.  Recuero,  guides  aLd  interpreters.  Messrs.  Pv  Sosa  and  A. 
Balfour,  engineers,  were  delegated  by  the  Columbian  Government. 

It  must  not  be  supposed  from  the  naval  and  military  titles  of  some  of  its  members  that  the 
expedition  was  in  any  sense  a  Government  one ;  it  was  a  private  speculative  enterprise,  pure  and 
simple. 

In  consequence  of  the  nearness  of  Panama,  and  the  "violent  winds"  which  prevail  on  the 
Atlantic  coast  during  winter,  the  explorations  were  begun  on  the  Pacific  coast  about  tbe  middle 
of  December,  1876,  and  terminated  in  the  first  part  of  April,  1877,  a  period  of  not  more  than  four 
months,  during  which  time  no  part  of  the  expedition  penetrated  as  far  as  the  Atlantic  coast. 

This  circumstance  seems  to  have  made  no  diflference,  as  two  canals  were  proposed  and  skill- 
fully elaborated  in  their  minutest  details.  In  the  one  proposed  by  Lieutenant  Wyse  himself,  he 
estimates  the  cost  within  ten  per  cent.,  although  that  half  of  the  route  which  included  a  tunnel 
and  the  heaviest  cutting  was  not  subjected  to  even  a  preliminary  reconnaissance. 

In  ^iew  of  the  above  facts  it  is  unnecessary  to  describe  the  route  proposed  by  Lieutenant 
tVyse  further  than  to  show  its  peculiar  features. 

PROJECT  VIA  THE  TUYRA,   THE  CAQUIRRI,  AND   THEIR  AFFLUENTS. 

This  route  was  explored  under  the  supervision  of  M.  Celler,  and  was  conducted  with  instru- 
ments of  precision  as  far  as  the  "  Palisades  of  the  Caquirri,"  and  reconnoitered  as  far  as  the  "  Loma 
of  Cacarica." 

The  lowest  elevations  found  were  in  the  pass  of  Tihul^,  varying  from  69.02  to  138.68  meters 
above  low-water  mark  at  Pinagana.    The  other  routes  examined  showed  elevations  from  145.9 
to  167.3  meters  above  low- water.    The  lines  examined  by  M.  Celler  w^ere : 
94 
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No.  1,  via  the  Tihul6  and  the  Nabluquia.- 

No.  2,  via  the  Cii6,  the  Puquia  and  the  Tul^gua. 

No.  3,  via  tlie  Aquiagna  and  the  Tul6gua. 

No.  4,  via  the  Uignati  and  the  Aquiagna. 

After  a  critical  examination,  M.  Celler  states  that  an  interoceanic  canal  through  the  pass  of 
the  Cordilleras,  without  locks  and  without  tunnels,  is  impossible.  On  the  other  hand,  either  by 
route  No.  1,  with  a  tunnel  from  the  mouth  of  the  Pachul6  to  the  mouth  of  the  Nabluquia,  or  by 
route  No.  2,  with  a  tunne\  from  the  junction  of  the  Puquia  to  the  forks  of  the  Tul^gua,  and  by 
using  cuts  of  80  to  86  meters  deep  at  the  extremities  of  the  tunnels,  tide-level  canals  could  be  con- 
structed. This,  M.  Celler  says,  presents  in  itself  nothing  that  is  impracticable,  but  owing  to  the 
river  valleys  being  so  sinuous  as  to  be  useless  for  canalization,  thus  necessitatiug  deep  cuts  for  35 
or  40  kilometers,  an  expenditure  would  be  required  which  would  render  the  canal  financially  im- 
possible. He  also  condemns  any  scheme  attempting  to  utilize  the  rivers  by  means  of  dams  and 
locks  on  account  of  the  extreme  sinuosity  of  the  valleys  and  the  "  variable  supply  of  water.^ 

A  tide-level  canal  being  out  of  the  question,  he  proposes  the  following  scheme  of  a  lock  canal, 
for  which,  he  frankly  says,  they  made  no  special  surveys,  as  they  were  confined  by  their  instruc- 
tions to  the  consideration  of  a  tide-level  canal. 

SCHEME  OF  A  LOCK  CANAL  PROPOSED  BY  M.  CELLER. 

Starting  from  the  Pacific  the  canal  follows  the  Tuyra,  deepening  and  rectifying  its  channel 
for  63  or  64  kilometers  to  Pirri  or  the  Keal  de  Sta.  Maria.  Thence  it  follows  the  shortest  route 
past  Pluagana  and  the  river  Cupi?,  and,  finally,  raises  itself  to  the  plateau  of  the  Upper  Tnyra; 
crosses  from  the  left  to  the  right  bank  of  the  Tuyra,  between  the  Pucroand  the  Paca;  crosses  the 
Paya;  follows  the  valleys  of  the  Cu6  and  the  Puquia;  tunnels  through  the  divide,  and  descends 
by  the  valleys  of  the  Tulegua  and  the  Cacarica  to  the  Atrato,  and  thence  down  the  Atrato  to  the 
Atlantic.  Total  length  of  route  (as  given  by  Lieutenant  Wyse)  230  kilometers,  of  which  95  to  100 
kilometers  will  have  to  be  canalized.  The  summit-level  will  be  48  or  50  meters  above  low  tide  of 
the  Pacific.  Five  locks  are  proposed  on  each  side  of  the  summit.  Length  of  tunnel,  700  meters, 
with  cuts  80  meters  deep  at  its  extremities  and  cuts  of  30  meters  extending  for  9  kilometers. 

To  insure  the  water  supply,  dams  30  or  40  meters  high  would  be  constructed  across  the  Paya, 
the  Pnnusa,  and  the  Pucro  Rivers,  making  reservoirs  which  would  store  up  some  millions  of  cubic 
meters.    Ordinarily  the  Tuyra  and  the  Cacarica  would  join  in  supplying  the  summit-level. 

A  prominent  feature  of  this  scheme  consists  in  making  the  section  of  the  canal  on  the  plateau 
of  such  size  that  the  speed  of  vessels  shall  not  be  limited. 

SCHEME  OF  A  TIDE-LEVEL  CANAL  VIA  THE  VALLEYS  OF  THE    TUPISA,  TIATI,  AND  ACANTI-TOLO 

RIVERS. 

This  route  was  explored  under  the  personal  supervision  of  Lieutenant  Wyse  as  far  as  its  junc- 
tion with  the  Tiati,  about  one-half  of  the  distance  which  it  is  proposed  to  canalize.  The  remainder 
was  not  even  reconnoitered.    The  route  is  divided  into  six  sections,  commencing  on  the  Pacific. 

Section  No.  1  follows  the  Tuyra  which  is  to  be  made  navigable  as  far  as  the  Island  of  Piriaque. 

Section  No.  2  is  the  beginning  of  the  canal  proper,  and  extends  in  a  straight  line,  nearly  due 
east,  to  the  Chucunaque  Eiver,  which  enters  the  canal  through  a  grillage  or  grating,  built  for  the 
purpose  of  arresting  the  dSbris  brought  down  by  the  freshets.  This  debris,  M.  Wyse  says,  will 
have  to  be  removed  from  time  to  time  "  in  the  beginning,''  but  will  become  unnecessary  as  the 
work  progresses,  for  the  timber  to  be  used  in  construction  will  be  cut  on  the  banks  of  the 
Chucunaque  and  floated  down.  Exactly  why  it  will  become  unnecessary  to  remove  the  dSbris  is 
not  apparent.  If  it  is  not  removed  a  dam  wiU  be  formed,  and  the  river  will  either  rise  and  burst 
through,  or,  what  is  more  probable,  cut  for  itself  a  new  channel  around  the  grillage.  Natural  dams 
or  logjams  of  from  20  to  30  feet  high  are  not  uncommon  in  this  country.  In  regard  to  the  mud 
and  sand  brought  down  by  this  river,  M.  Wyse  says  it  is  not  necessary  to  think  of  it,  as  the 
alternating  tidal  action  will  clean  the  caual  niost  thoroughly. 

The  third  section,  commencing  ^^  xjjjg  point,  follows  the  Tupisa  "simply  digging  out  and 


96       INTEROCEANIC  COMMUNICATION  BY  WAY  OP  AMERICAN  ISTHMUS. 

rectifying  its  sinuoas  coui'se''  for  11.4  kilometers.  The  numerous  affluents  are  received  into  the 
canal  through  grillages,  first  being  lowered  to  its  level  by  means  of  cesspools  or  pockets. 

The  fourth  section  follows  a  course  of  N.  57^  E.,  and  intersects  the  Tiati  after  having  gone 
about  10  kilometers. 

At  this  point  the  exploration  ended,  and  the  expedition  returned  to  Europe. 

Most  explorers  and  engineers  would  have  been  unable  with  the  data  obtained  up  to  this  point 
to  actually  locate  and  estimate  the  cost  of  the  entire  canal.  M.  Wyse,  however,  by  constructing 
a  chart,  which  was  a  scientific  mean  between  the  old  Spanish  charts,  which  placed  the  Atlantic 
coast  five  marine  miles  too  far  to  the  west,  and  the  later  and  exact  charts,  was  able  by  using  his 
own  consummate  knowlege  of  the  ordinary  topography  of  the  country  to  continue  the  location  to  the 
Atlantic.  By  this  means  section  4  was  continued  7  kilometers  in  a  strajght  line,  making  its  length 
17  kilometers. 

The  fifth  or  tunnel  section  has  cuts  of  55  or  65  meters  at  its  extremities.  The  dimensions  of 
the  tunnel  are :  Height  from  bottom  of  the  canal  (here  10  meters  deep),  36  meters ;  breadth  at 
bottom,  16  meters;  at  surface,  20  meters;  length,  determined  from  M.  Wyse's  corrected  chart? 
14  kilometers.    The  whole  correction  of  4.5  kilometers  is  subtracted  from  the  tunnel. 

The  sixth  section  extends  from  the  end  of  the  tunnel,  12  kilometers,  to  the  Atlantic  at  the 
mouth  of  the  Tolo,  through  cuts  of  an  average  depth  of  25  meters. 

M.  Wyse  introduces  in  this  canal  a  peculiar  feature  which  does  credit  alike  to  his  ingenuity 
and  to  his  desire  to  economize.  To  overcome  the  effect  of  the  Pacific  tides,  and  to  reduce  the 
amount  of  excavation,  he  proposes  that  the  bottoms  of  sections  2,  3,  and  4  have  a  rise  of  75  milli- 
meters per  kilometer  "in  such  a  manner  that  the  tidal  wave  shall  have  nearly  spent  itself  at  the 
entrance  of  the  tunnel."  The  total  rise  of  the  bottom  of  the  canal  so  effected  is  about  3.3  meters. 
The  mean  rise  and  fall  of  the  tide  is  about  5.2  meters. 

The  dimensions  of  the  canal  are :  Breadth  at  bottom,  25  meters ;  at  surface  at  low  tide,  50 
meters;  at  surface  at  high  tide,  60  meters;  depth  at  low  tide,  8.5  meters.*  Estimated  cost  of  the 
whole  work,  from  ocean  to  ocean,  including  tunnel,  breakwaters,  light-houses,  and  incidentals,  plus 
10  per  cent.,  which  M.  Wyse  states  is  sufficient  for  all  unforeseen  expenses,  594,000,000  francs. 

THE  WYSE  SURVEYS  OF  1877  AND  1878. 

» 

On  the  21st  of  October  M.  Wyse  was  authorized  by  the  "committee  of  direction  of  the  Soci^te 
Internationale  du  Canal  Interoc^anique"  to  return  to  Central  America  to  complete  the  surveys  of 
the  Tupisa,  Acanti-Tolo,  and  Atrato-Tuyra  routes  begun  in  1876.  In  case  these  routes  should 
not  respond  to  the  hopes  of  the  committee,  he  was  to  make  the  investigations  and  researches' 
necessary  for  the  definite  location  of  a  small  number  of  routes  susceptible  of  practical  execution. 
Associated  with  him  were  Messrs.  R^clus,  Sosa,  De  Lacharme,  Verbrugghe,  and  Pouydesseau.  M. 
Wyse  was  especially  charged  with  the  negotiations  with  the  Columbian  Government  regarding  the 
concession.  M.  R^clus,  in  the  absence  of  M.  Wyse,  was  in  charge  of  the  surveys.  These  surveys 
were  undertaken  for  the  expressed  purpose  of  maturing  x^lans  to  be  submitted  to  and  approved 
by  an  International  Conference  or  Jury,  the  scheme  of  whose  organization  had  then  been  deter- 
mined upon. 

On  the  6th  of  December,  1877,  the  party  under  M.  Wyse  commenced  a  survey  of  the  San  Bias 
route.  He  went  up  the  Bayano  and  Mamoni,  intending  to  connect  at  the  junction  of  the  San  Jose 
River  with  the  last  stake  of  the  American  expedition  of  1870,  under  Commander  Selfridge.  On 
the  12th  Mt  Wyse  left  M.  R^clus  in  charge  and  returned  to  Chepo.  The  work  continued  until  the 
15th,  when,  having  reached  a  point  a  short  distance  above  the  Fall  of  Charard,  they  were  compelled 
to  stop,  not  being  able  to  obtain  canoes  and  not  being  prepared  to  cut  a  trail. 

Upon  the  return  of  the  party,  M.  Wyse  being  very  anxious  to  connect  with  the  American 
survey  of  1870,  returned  to  the  Falls  of  Charard  with  M.  Verbrugghe,  and,  by  dint  of  much  wading, 
managed  to  reach  the  desired  point.  In  the  mean  time  M.  Rdclus  ran  a  line  for  5  or  6  kilometers 
up  the  Rio  Terrable,  starting  from  its  junction  with  the  Bayano.  On  account  of  the  nature  of  the 
country,  although  the  elevation  was  slight  in  the  ravine,  M.  Rdclus  decided  that  the  route  was 
impracticable  and  returned  to  OapitJina. 
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On  the  29th  of  December  the  expedition  left  Panama  for  Darien,  arriving  at  Yavisa  on  the  3d  of 
Jannary,  1878.  On  the  8th  they  commenced  the  ascent  of  the  Tiati,  and  on  the  11th  Messrs.  Wyse 
and  Yerbrngghe  returned  to  Panama,  and  thence  to  Colon,  where  they  took  passage  apon  the 
Dupetit-Thouars,  a  French  man-of-war,  for  Acanti.  Arriving  at  Acanti,  they  made  a  reconnaissance 
of  the  Acanti  River  as  far  as  its  confluence  with  the  Ouati,  of  the  Aquiti,  the  Tolo  and  its  tribu- 
tary, the  Neca,  whilst  the  officers  of  the  Dupetit-Thouars  made  an  astronomical  determination  of 
the  position  of  the  village,  and  a  hydrographic  survey  of  the  roadstead  of  Acanti.  This  deter- 
mination showed  that  M.  Wyse  in  constructing  his  chart  of  1876-77  had  placed  the  coasi  line  at 
the  very  least  2.25  marine  miles  too  far  to  the  west.  Messrs.  Wyse  and  Verbrugghe  then  pro- 
ceeded to  Bogota. 

In  the  mean  time  the  expedition  under  M.  R^clus  had  commenced  work,  and  on  January  14, 
1878,  connected  with  stake  *<1,091  6w,»  the  last  stake  of  the  survey  of  1876-^77.  On  the  19th  they 
left  the  Tiati  and  took  a  trail  which  they  followed  across  the  divide  into  the  valley  of  the  Tupisa. 
They  then  followed  the  Tupisa. 

On  the  6th  of  February  they  separated,  M.  E^clus  intending  to  reach  the  Pacific  and  rejoin 
M.  Wyse  on  board  the  Dupetit-Thouars;  M.  Sosa  was  to  return  to  Yavisa  with  the  greater  part  of 
the  expedition,  and  M.  De  Lacharme  to  establish  the  location  of  the  double  locks  which  he  pro- 
posed for  the  Atrato-Tuyra  route. 

At  this  point  the  survey  may  be  said  to  have  ended.  M.  B^clus,  with  a  few  men,  ascended  to 
the  headwaters  of  the  Tupisa,  crossed  the  divide  and  descended  to  the  Atlantic  at  Acanti,  where 
he  arrived  on  the  11th.  The  Dupetit-Thouars  having  sailed,  he  was  forced  to  return,  and  on  the 
18th  he  arrived  at  Yavisa. 

On  the  1 9th  the  expedition  left  Yavisa  for  Panama,  where  they  arrived  on  the  26th. 

On  the  5th  of  March  M.  Sosa  commenced  a  tacheometric  survey  of  the  valley  of  the  Calmito. 
On  the  12th  he  was  joined  by  M.  R^clus,  and  afterwards  by  M.  De  Lacharme.  They  explored  the 
valleys  of  the  Bernadino,  Caimito,  Aguacate,  and  Congo,  and  on  the  28th  returned  to  Panama. 

On  the  3d  of  April  a  survey  of  the  valleys  of  the  Obispo,  Chagres,  and  Bio  Grande  was  com- 
menced near  the  station  ^^d'Emperador,"  on  the  Panama  Eailroad,  and  was  continued  along  the 
route  of  the  railway  until  April  20.  The  level-lines  and  cross-sections  were  run  up  to  the  extremities 
of  the  proposed  tunnel,  and  did  not  continue  over  the  divide.  On  the  Ist  of  May  M.  E^clus  sailed 
for  Europe. 

On  the  4th  of  June  Messrs.  Wyse  and  Yerbrugghe  returned  to  Panama,  having  obtained  a 
concession  which  embraced  the  whole  country  of  the  United  States  of  Columbia,  thus  including  all 
tbe  proposed  routes  except  the  Nicaragua  and  Tehuautepec.  They  left  immediately  for  Greytown, 
looked  at  the  harbor,  and  ascended  the  San  Juan,  held  some  correspondence  with  the  President  of 
Nicaragua,  and  then  sailed  for  the  United  States. 

From  the  above  explorations,  joined  with  those  made  in  1876-'77,  the  following  plans  for  canals 
were  devised.  The  dimensions  proposed  were :  Breadth  at  bottom,  20  meters ;  at  3  meters  from  the 
bottom,  26  meters ;  at  surface,  from  32  to  50  meters,  according  to  nature  of  soil ;  depth,  8.5  meters 
at  mean  low  tide ;  tunnel,  breadth  at  bottom,  20  meters ;  at  surface,  24  meters ;  height  above  level 
of  water,  34  meters.  It  was  with  these  dimensions  that  the  estimated  prices  were  calculated ;  26 
per  cent,  was  added  to  the  prices  so  obtained. 

FBOM  THE  SITBVEYS  OF  1876-^77-^78. 

First.  A  lock  canal  via  the  Atrato,  the  Caquerri,  and  the  Tuyra.  Length,  128  kilometers  • 
height  of  summit-level,  50  meters ;  number  of  locks,  twenty-two,  ten  on  the  Atlantic  and  twelve  on 
the  Pacific  slope.  The  summit-level  is  a  lake  to  be  formed  by  dams  in  the  valley  of  the  Tuyra. 
Estimated  cost,  from  650,000,000  to  700,000,000  francs. 

Second.  A  tide-level  canal  via  the  Tupisa,  the  Tiati,  and  the  Acanti-Tolo.  Length,  including 
tunnel,  74  kilometers;  length  of  tunnel,  17  kilometers;  estimated  cost,  about  600,000,000  francs. 

FBOM  THE  SURVEYS  OF  1877-'78. 

Mamoni,  and  Kercalegua  Rivers.    Length, 

^^_^ ^  ^^tvmated  cost,  about  476,000,000  francs. 

H.  Ex.  107 ^13        '  ^^•B  "^"^  ' 


First.  San  Bias,  tide-level  cau^}  ^a  *^^  Bayano,  1 
41.5  kilometers;  length  of  tunnel^  i  J    t^ilotn^t^ts*,  «stv 
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Second.  Panama  tide-level  canal  via  the  Chagres  and  the  Eio  Grande.  Length,  73.2  kilo- 
meters; length  of  tunnel,  7,720  meters;  estimated  cost,  475,000,000  francs. 

THE  PABIS  CONFERENCE. 

On  the  15th  of  May,  1879,  an  International  Conference  was  held  at  Paris,  under  the  auspices 
of  the  Paris  Geographical  Society,  for  the  purpose  of  deciding  upon  the  best  route  for  an  intero- 
ceanic  canal. 

The  "Soci^t^  Internationale  du  Canal  Interdc^anique"  had  considered  the  project  of  this  con- 
ference prior  to  its  actual  inception,  hoping  its  decision  would  give  an  importance  to  their  work 
and  a  value  to  their  concessions.  Of  this  "  Soci^t^"  M.  Wyse  and  Geueral  Turr  were  the  nominal 
exponents,  M.  de  Lesseps  the  real  power,  "for  it  was  by  his  advice  that  MM.  Wyse  and  B^dns 
undertook  their  explorations,  and  the  confidence  of  capitalists  was  stimulated  by  the  certainty 
that  he  would  put  himself  at  the  head  of  the  enterprise  when  the  moment  for  execution  arrived.'^* 

The  explorations  of  the  "Soci6t6"  being  finished  and  their  concession  obtained,  a  proceeding 
which  M.  Wyse  characterizes  as  "perhaps  the  most  important  part  of  the  mission  with  which  I 
had,  for  a  second  time,  the  honor  to  be  charged,^ t  an  "International  Conference"  was  called;  M. 
de  Lesseps,  through  the  Geographical  Society  of  Paris,  issuing  the  invitations.  He  also  selected 
the  officers  and  the  committees  and  mapped  out  their  work  before  the  meeting  of  the  "  Conference." 

The  "  Conference"  met  on  the  15th  of  May,  1879,  M.  le  Vice-Amiral  de  la  Roncifere  le  Noury  in 
the  chair.  After  naming  the  five  vice-presidents,  general  secretary,  and  four  secretaries,  he  surren- 
dered the  chair  to  M.  de  Lesseps.  Upon  assuming  the  presidency  of  the  Conference,  M.  de  Lesseps 
made  a  short  speech,  in  which  he  declared  that  they  were  going  to  work  "  k  I'Americaine,"  and  he 
thought  they  would  finish  in  eight  days.  The  names  of  the  members  of  the  committees,  their 
presidents,  and  the  work  expected  of  them  was  then  read ;  beyond  this  "  nothing  was  done  or 
allowed  to  be  done."t 

The  Conference  was  composed  of  one  hundred  and  thirty-six  members,  of  whom  seventy -four 
were  French,  and  sixty-two  of  different  nationalities ;  forty-two  were  engineers  or  men  fitted  by 
profession  to  express  an  opinion  on  a  purely  engineering  matter.  Of  this  number  thirteen  had  been 
connected  with  the  Suez  Canal,  and  several  of  the  remainder  have  since  been  attached  to  the  scien- 
tific corps  of  the  Chagres  Canal  at  Panama.  The  remaining  ninety -four  members  were  bankers, 
politicians,  speculators,  members  of  the  geographical  societies,  and  army  and  navy  officers. 

Four  committees  were  appointed,  designated  by  numbers,  viz: 

First.  Statistics. 

Second.  Economic  and  commercial. 

.Third.  Navigation. 

Fourth.  Technical. 

Fifth.  Ways  and  means. 

The  decision  of  the  Conference  was  based  upon  the  report  of  the  "fourth  committee"  alone, 
and  the  straggle  between  the  advocates  of  the  different  routes  took  place  at  its  meetings. 

This  committee  was  composed  of  forty-two  members,  afterwards  increased  to  forty-five  ;  thirty- 
eight  were  engineers,  eleven  of  whom  had  been  connected  with  the  Suez  Canal.  From  this  com- 
mittee two  sub-committees  were  appointed ;  the  first  on  tunnels,  composed  of  seven  members,  three 
of  whom  had  been  on  the  Suez  Canal ;  the  second  on  locks  and  dimensions  of  canal,  composed  of 
five  members,  three  of  whom  had  been  on  the  Suez  Canal. 

A  scale  of  prices  was  fixed  and  the  dimensions  of  the  Suez  Canal  adopted.  Upon  this  basis  a 
comparative  table  was  formed  of  the  cost  of  the  different  schemes.  This  created  much  discussion, 
the  advocates  of  the  different  plans  claiming  that  material  modifications  had  been  made  by  the 
subcommittees. 

On  the  20th  of  May,  Mr.  Menocal,  C.  E.,  called  attention  to  the  immense  floods  of  the  Chagres 

**  Extract  from  an  opinion  of  M.  de  Lesseps,  furnished  by  his  counsel  to  the  ^'Soci^t^  Internationale/^  etc.,  June 
10  and  17,  1879. 

t  Summary  report  of  the  expedition  of  1877-78,  by  L.  N.-B.  Wyse,  commandant  de  Pexpedition. 

t  Report  of  W.  £.  Johnston,  delegate  of  the  American  Geographical  Society.  See  Bulletin  of  the  Society  No.  4, 
1879. 
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River  and  the  damage  they  would  do  to  the  tide-level  tunnel  canal  proi)08ed  by  Messrs.  Wyse  and 
R^clus. 

On  the  2l8t  of  May,  Sir  John  Hawkshaw,  one  of  the  ablest  engineers  of  our  day,  on  whose 
ndividual  opinion  the  Viceroy  of  Egypt  depended  in  the  matter  of  continuing,  or  stopping  the 
works  on  the  Suez  Canal,  said  : 

"A  tide-level  canal  would  receive,  and  must  provide  for,  the  whole  drainage  of  the  district  it 
traversed.  Therefore,  it  would  be  necessary  to  ascertain  the  whole  volume  of  water  that  would 
drain  into  the  canal  before  it  would* be  possible  to  determine  even  the  sectional  area  of  the  canal. 
If  the  canal  have  a  less  surface  fall  than  the  river,  as  it  would  have,  it  must  have  a  larger  sectional 
area  to  discharge  the  same  volume  of  water. 

^'  The  average  section  of  the  river  in  a  flood  at  MameY  was  ascertained  by  M.  R^clus  to  be 
1,310  square  meters.  This  would  require  a  canal,  if  it  were  8  meters  deep,  to  be  160  meters  wide. 
The  waters  of  the  Chagres  would  have  a  tendency  to  flow  toward  the  Pacific,  that  is,  through  the 
tunnel,  as  the  distance  is  less  and  the  fall  is  greater  than  to  the  Atlantic. 

'<  It  seems  to  me  that  the  dimensions  of  the  tunnel,  if  it  has  to  serve  for  both  the  river  and 
canal,  would  be  too  small.  Mr.  Meuocal's  estimate  of  the  volume  of  the  Chagres  in  time  of  flood 
would  much  more  than  fill  the  tunnel ;  and  in  any  case  the  whole  section  of  the  tunnel  is  only  half 
that  of  the  river  in  time  of  flood,  as  given  by  M.  R^clus.  During  the  construction  of  a  canal  at 
the  sea-level  difELculties  would  arise  in  providing  for  the  drainage,  which  would  affect  both  time  of 
execution  and  cost  to  an  extent  that  could  hardly  be  ascertained  in  advance. 

^'  If,  from  such  considerations  as  the  foregoing,  it  should  be  concluded  that  the  canal  should 
be  so  constructed  as  to  retain  the  rivers  for  natural  drainage,  then  recourse  will  have  to  be  had  to 
locks.  In  that  event,  there  can  be  no  difficulty,  in  my  opinion,  in  carrying  on  the  traffic  with  locks 
properly  constructed,  provided  there  is  an  ample  water-supply,  which  would  be  a  sine  qua  non.^ 

On  the  22d,  Messrs.  Wyse  and  R^clus  introduced  an  entirely  new  scheme,  doing  away  with 
the  tunnel  and  altering  the  route. 

M.  de  Fourcy,  formerly  of  Suez,  asked  an  extension  of  eight  days  for  the  subcommittees  to 
make  their  report.  As  the  majority  of  the  fourth  committee  did  not  seem  likely  to  act  on  this 
motion,  M.  Daubr^e,  the  president,  adjourned  it  until  May  26. 

May  23,  the  day  appointed  for  the  different  committees  to  submit  their  reports  to  the  Confer- 
ence, M.  Voisin-Bey,  of  Suez,  reporter  of  the  fourth  committee,  laid  before  the  Confereuce  the 
work  accomplished  by  his  committee,  and  stated  that  it  was  not  possible  for  them  to  formulate 
definite  conclusions  at  this  time. 

M.  de  Fourcy,  of  Suez,  asked  that  the  final  meeting  of  the  Conference  be  postponed  untU  the 
29th.    This  M.  de  Lesseps  granted. 

On  May  27,  the  fourth  committee,  on  motion  of  M.  de  Fourcy,  of  Suez,  separated  alPthe 
schemes  inlo  the  two  following  classes : 

First,  lock  canals,  comprising — 

a.  The  two  Nicaragua  schemes  of  Menocal  and  Blancbet. 
h.  The  two  Panama  schemes  of  Menocal  and  Wyse. 

Second,  tide-level  canals,  comprising — 

a.  The  Panama  open-air  scheme  of  Wyse  and  R6clus. 

b.  The  San  Bias  schemes  of  KeUey,  SelMdge,  and  Wyse. 

c.  The  Atrato-Napipi  scheme  of  Selfridge. 
All  others  were  rejected. 

On  May  28,  M.  de  Fourcy,  of  Suez,  in  the  fourth  committee,  moved  the  foUowing  resolution  be 
adopted  i 

**  The  committee,  from  the  point  of  view  for  which  it  was  instituted,  is  of  the  opinion  that  it 
should  recommend  to  the  Conference  the  adoption  of  a  tide-level  maritime  canal  from  the  Gulf 
of  Colon  or  of  Limon  to  the  Bay  of  Panama." 

A  violent  discussion  followed,  many  of  the  members  claiming  that  the  resolution  was  too  abso- 
lute.   It  was  finally  amended  as  follows,  by  M.  Ruelle,  and  on  motion  of  M.  de  Fourcy,  put  to  vote : 

^<  The  technical  committee  believe  that  the  interoceanic  canal  should  be  constructed  between 
Oolon  and  Panama." 
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Of  the  forty-flve  members  entitled  to  vote,  twenty  voted  "  yes,''  seven  ot  whom  had  been 
engineers  of  the  Suez  Canal,  and  two  were  not  engineers ;  nine  abstained  from  voting,  and  sixteen 
were  absent. 

The  next  point  of  M.  de  Fourcy's  original  resolution,  that  they  should  recommend  a  tide-level 
canal,  caused  a  stormy  debate  as  to  its  form  and  expression.  The  president,  M.  Daubr6e,  finally 
closed  the  discussion  and  put  to  vote  the  following  resolution : 

^^  The  technical  committee,  from  the  special  point  of  view  for  which  it  was  instituted,  is  of  the 
opinion  that  it  should  recommend  to  the  Conference,  as  the  best  solutions  of  the  questions  sub- 
mitted to  its  examination,  the  establishment  of  a  tide-level  canal  on  the  Isthmus  of  Panama, 
between  Colon  and  Panama." 

Of  the  forty-five  entitled  to  vote,  sixteen  voted  "yes,"  seven  of  whom  had  been  engineers  of 
the  Suez  Canal,  and  two  of  the  remaining  nine  were  not  engineers.  Three  voted  "  no,"  ten  abstained 
from  voting,  and  sixteen  were  absent. 

On  the  29th  of  May  the  Conference  held  it«  final  session.  At  the  opening  M.  de  Lesseps 
•  announced  that  in  the  final  decision  each  member  would  be  called  upon  to  vote  separately ;  that 
any  one  who  wished  to.make  known  the  reasons  for  his  vote  could  do  so,  but  if  these  reasons  would 
involve  discussions  ("  en  trainer  des  d6veloppements  ")  they  should  be  reduced  to  writing,  and  sent 
as  soon  as  possible  to  the  secretary  of  the  Conference,  who  would  mention  them  in  the  proceedings. 
Abstentions  from  voting  would  not  be  counted,  and  a  majority  would  be  expressed  by  one  more 
than  one-half  of  the  votes  cast :  * 

After  giving  the  recapitulation  of  the  principal  schemes  as  prepared  by  the  sub-committees  of 
the  fourth  committee,  the  following  resolution  was  put  to  vote: 

"The  Conference  deem  the  construction  of  an  inter-oceanic  canal,  so  desirable  in  the  interests  of 
commerce  and  navigation,  is  possible,  and  in  order  to  have  the  indispensable  facilities  of  ease  of 
access  and  of  use,  which  a  work  of  this  kind  should  ofifer  before  all  others,  it  should  be  built  from 
the  Gulf  of  Limon  to  the  Bay  of  Panama." 

This  resolution  was  carried  by  the  votes  of  seventy-eight  members,  nineteen  of  whom  were 
engineers  and  professional  men^  of  this  number,  nine  had  been  connected  with  the  Suez  Canal; 
eight  voted  "  no,"  twelve  abstained  from  voting,  and  thirty-eight  were  absent. 


The  Atrato-ISTapipi  and  Atrato-Bojaya  routes. 


^ 


CHAPTER    XII. 

Tbchnical  Description  of  thb  Napipi-Atrato,  Tbuando-Atrato,  and  Tehuantkpec  Canal  Routes,  and  op 

Eads-8  Ship-Rallway  Project. 

The  practicability  of  a  route  depends  primarily  upon  its  freedom  from  obstacles  that  cannot 
be  overcome  by  engineering  science,  and  ultimately  upon  the  absence  of  insurmountable  obstacles 
to  its  commercial  success.  The  Napipi,  Truando,  San  Bias,  Panama,  Nicaragua,  and  Tehuantepec 
routes  are  all  practicable  in  an  engineering  sense;  but  the  cost  of  construction,  permanence,  and 
usefulness  of  the  work  being  considered,  some  of  them  become,  if  not  absolutely,  at  least  relatively 
impracticable.  Of  the  above  mentioned  routes  the  Napipi,  Truando,  and  Tehuantepec  are  regarded 
in  a  general  comparison  as  inferior  to  the  remaining  three.  In  the  descriptions  of  the  routes  which 
follow,  their  general  characteristics  will  be  presented  in  order  to  show  this,  and  the  final  com- 
parison will  be  confined  to  the  San  Bias,  Panama,  and  Nicaragua  routes. 

KAPIPI-ATRATO   ROUTE. 

The  scheme  for  opening  this  route  provides  for  making  use  of  the  Atrato  River,  from  its  iliouth, 
in  the  Gulf  of  Darien,  for  a  distance  of  about  140  miles,  to  a  point  on  its  west  bank  10  miles  below 
the  mouth  of  the  Napipi,  and  for  the  constructioivof  a  canal  from  this  point  to  the  Pacific  coast,  a 
distance  of  about  thirty  miles,  up  the  valleys  of  the  Napipi  and  Doguado  Rivers.  The  bar  at  the 
Cano  Uraba  mouth  of  the  Atrato  would  have  to  be  removed;  a  tunnel  3^  miles  long  would  have 
to  be  bored  through  the  Cordillera,  and  it  would  be  necessary  to  construct  a  harbor  at  ChiriChiri 
Bay,  the  Pacific  terminus  of  the  canal. 

The  direction  of  the  canal  i}roper  is  indicated  on  the  map,  which  shows  the  line  of  actual  location 
surveyed  by  Lieut.  Frederick  Collins,  U.  S.  N.,  in  1875.  For  the  convenience  of  a  more  detailed 
description,  the  canal  line  may  be  divided  into  four  divisions : 

Miles. 

Eastern  division,  from  Atrato  to  point  of  crossing  the  Napipi 20,63 

Middle  division,  from  "crossing''*  to  tunnel. . . .     4.81 

Tunnel  division 3. 50 

Western  division 1.30 


Total  length  of  canal 30.24 

For  the  first  5  miles  of  the  eastern  division  the  line  runs  through  swamps.  On  reaching  firm 
ground  the  water  surface  of  the  canal  is  brought  well  above  the  ground  by  the  introduction  of 
locks,  which  are  so  placed  as  to  admit  14  miles  of  embankment  in  this  division.  Twelve  locks, 
with  a  lift  of  10.3  feet  each,  are  introduced  in  this  division,  raising  the  summit-level  to  143  feet 
above  mean  tide.  By  means  of  twelve  culverts  and  the  necessary  side  drains,  the  drainage  of  the 
northern  side  of  the  valley  of  the  Kapipi  is  provided  for  without  the  necessity  of  tabing  any  of  it 
into  the  canal.  In  three  places  in  this  division  the  canal  has  been  carried  across  the  Napipi  in  its 
sharp  northern  bends. 

The  crossing  of  the  Napipi,  to  follow  the  valley  of  the  Doguado,  is  to  be  effected  by  raising 
its  waters  to  a  sufiftcient  height  by  means  of  a  dam  just  below  its  junction  with  the  Merindo. 

The  middle  division,  lying  in  the  valley  of  the  Doguado,  extends  from  the  basin  thus  formed 
to  the  tunnel.  This  division  is  4.8  miles  long,  and  the  depth  of  the  required  cutting  averages  90 
feet.  For  the  first  6,000  or  7,000  feet,  however,  the  cutting  is  light,  the  deepest  cut  in  that  distance 
being  only  45  feet.  The  length  of  the  deep  cutting  is  from  16,000  to  17,000  feet.  The  deepest  cut 
is  245  feet,  but  this  is  for  a  short  distance  only,  through  the  summit  of  a  sharp  spur.  At  the  east- 
ern portal  of  the  tunnel  the  cutting  is  225  feet  deep.  In  order  to  keep  the  best  ground  in  this 
division  the  river  will  have  to  be  diverted  frequently  fix)m  its  bed.  Capacious  side  channels  will 
also  have  to  be  constructed  to  carry  the  drainage  of  the  steep  hillsides  to  the  basin. 
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The  tunnel  reqaired  for  passing  the  canal  under  the  Oordillera  and  bringing  it  out  on  the 
Pacific  slope,  in  the  valley  of  the  Ohiri-Ohiri,  has  a  length  of  3}  miles.  Two  forms  of  transverse 
section  are  first  proposed.  A  selection  depends  upon  the  nature  of  the  material  to  be  pierced. 
First,  for  good  solid  rock,  a  trapezoidal  form,  with  a  segmental  arch  of  120^,  the  crown  to  be  86 
feet  above  the  water-surface;  a  width  of  70  feet  at  water-surface;  a  depth  of  27  feet,  and  sides  bat- 
tered 1  to  20.  The  arch  to  be  formed  of  masonry,  5  feet  thick  at  the  spring  and  3  feet  at  the  crown, 
the  whole  to  be  well  backed  by  concrete.  Second,  for  unsound  or  badly  seamed  rock,  an  elliptical 
section,  with  a  conjugate  diameter  of  70  feet  at  water-surface,  and  a  semi-tranverse  diameter  of  86 
feet  above  the  water-surface,  the  section  to  be  continued  below  so  aS  to  give  27  feet  of  water.  With 
this  section  the  arched  lining  is  to  spring  from  the  water-surface  with  a  thickness  of  5  feet,  dimin- 
ishing, as  before,  to  3  feet  at  the  crown.  Both  these  sections  give  .1,846  square  feet  as  the  area  of 
water-space.  The  first  plan  would  require  the  excavation  of  5,279,843  cubic  yards  rock,  and  the 
second  plan  5,102,862  cubic  yards  rock.  The  amount  of  masonry  required  is  in  one  case  203,498 
cubic  yards,  and  in  the  other  682,993  cubic  yards.  The  cost  of  the  tunnels  would  be  $32,479,120 
and  $40,960,272,  respectively.  The  form  of  tunnel  finally  estimated  upon  differed  only  in  the  width 
at  the  water-surface,  which  was  reduced  from  70  to  60  feet,  and  an  increase  in  depth  to.  30  feet. 
With  these  modifications  the  tunnels  would  cost,  respectively,  $30,443,994  and  $35,876,853.  The 
mean  of  these  amounts,  $33,241,923,  is  presented  as  the  probable  cost  of  a  tunnel  60  feet  wide  at 
the  water-line  and  116  feet  high.  If  the  width  of  70  feet  is  regarded  as  essential,  $3,560,000  must 
be  added  to  the  above  estimate. 

The  western  division  includes  the  portion  between  the  western  portal  of  the  tunnel  and  the 
line  of  26  feet  of  water  on  the  Pacific  coast.  Its  length  is  only  1.3  miles,  and  it  is  occupied  entirely 
by  the  "poiuting-basin,^  by  which  the  change  of  direction  between  the  tunnel  and  the  valley  of 
the  ChiriChiri  is  to  be  effected,  and  by  the  ten  locks  required  to  descend  to,  or  ascend  from,  tbe 
Pacific.  The  harbor  at  this-  terminus  may  also  be  properly  considered  as  forming  a  part  of  this 
division. 

The  water  supply  of  the  Kapipi  and  its  tributaries  at  the  summit-level  of  the  canal  being 
insufficient,  a  feeder  line  3.2  miles  long,  with  a  fall  of  14  feet,  would  have  to  be  constructed  from 
the  Cuia  River,  whose  valley  lies  to  the  southward  of  that  of  the  Napipi.  This  work  involves  the 
construction  of  two  dams,  a  tunnel  9,230  feet  long,  and  open  cut  excavation  for  7,720  feet.  Its 
estimated  cost  is  $548,726.  The  daily  water  supply,  at  the  lowest  stage,  would  be  about  12,000,000 
cubic  feet. 

The  harbor  on  the  Atlantic  side,  in  the  Gulf  of  Darien,  is  all  that  could  be  desired.  Engi- 
neering science  could  readily  overcome  the  obstruction  at  the  Uraba  mouth,  and  the  Atrato  Biver 
affords  a  channel  for  the  largest  vessels  up  to  and  beyond  the  point  where  the  Kapipi  enters  it. 

The  proposed  terminus  on  the  Pacific  coast,  Chiri-Ohiri  Bay,  is  merely  an  indentation  in  the 
coast  open  to  all  winds  from  northwest  to  southwest.  The  bottom  of  the  bay  is  mainly  sand,  and 
affords  good  holding-ground.  Violent  gales  are  of  extremely  rare  occurrence  in  that  locality,  and 
but  little  trouble  would  be  likely  to  be  experienced  for  the  want  of  a  more  land-locked  harbor  at 
this  terminus.  A  heavy  swell  rolls  in  at  all  times.  To  protect  the  entrance  to  the  canal  from  this 
swell,  and  to  afford  a  refrige  for  disabled  vessels,  works  of  considerable  magnitude  would  be  required. 

The  following  are  the  forms  and  dimensions  of  the  canal  prism : 

Width  at  bottom feet 72 

Width  at  w.ater-surface  in  earth  cuttings do 150 

Width  at  water-surface  in  rock  cuttings do 98 

Slope  of  sides  in  earth  cuttings 1 J  to  1 

Slope  of  sides  in  rock  cuttings,  below  water J  to  1 

Slope  of  sides  in  rock  cuttings,  above  water Jtol 

Width  of  top  of  embankment feet 9 

Slope  of  embankments,  interior IJ  to  1 

Slope  of  embankments,  exterior 2   tol 

Width  of  "bench"  at  10  feet  above  water feet. ...  9 

Width  of  locks,  inside do 60 

Length  of  locks  between  miter  sills.  • do 400 


D^EROGBAIJ^IC  COMMUNICATIOlSr  BY  WAY  OF  AMEBIC  AN  ISTHMUS.     103 
In  computing  the  cost  of  the  work  the  following  prices  have  been  allowed : 

Per  cabic  yard. 

Excavation  in  earth $0  30  to  $0  35 

Excavation  in  rock 1  26  to    1  50 

Excavation  of  tannel 5  35 

Arched  lining  of  tunnel 20  00 

Dredging , 50 

Hydraulic  concrete  for  locks,  dams,  &c 7  00  to    8  00 

Masonry 15  00 ' 

ESTIMATED   COST   OF  THE  CANAL." 

Excavation  and  embankment $28,  697, 398* 

Tunnel 33,  241,  923 

Locks    . 5, 049, 214 

Culverts 3,  031,  405 

Side  drains 2, 449,  953 

Diversion  of  rivers 1, 670, 159 

Dam  for  crossing  ISTapipi .   . 616, 057 

Aqueduct 548,  726 

Breakwaters  at  Chiri-Chiri  ... 2, 163,  000 

Improvement  mouth  of  Atrato 817,  780 

Light-houses .   60,000 

Grubbing  and  clearing 191,  900 


78,  557,  515 
Add  25  per  cent,  for  contingencies 19,  636,  879 


Total  estimated  cost  of  canal $98, 194, 394 

LOCAL  ADVANTAGES  AND  DISADVANTAGES   OF   THE   ROUTE,   STATED   BY  LIEUTENANT   COLLINS. 

ADVANTAGES. 

1.  Shortness  of  the  artificial  channel  required. 

2.  Good  harbors.  That  on  the  Atlantic  side  is  all  that  could  be  desired,  while  on  the  Pacific 
side  there  is  deep  water,  with  good  holding-ground,  and  the  region  is  seldom  visited  by  violent 
gales. 

3.  The  cutting  mainly  in  rock  or  stiff  clays.  In  such  materials  the  excavation  can  be  reduced 
to  a  minimum.  The  clay  will  form  stable  embankments,  as  little  liable  to  wash  from  rains  and  at 
the  water  surface  as  any  embankments  can  be,  and  its  impervious  character  will  greatly  reduce 
losses  of  water  from  filtration  and  leaks. 

4.  The  greater  portion  of  the  work  to  be  performed  lies  in  a  healthy  region  for  the  tropics. 

5.  Abundance  of  good  timber  for  construction. 

6.  Proximity  of  the  heaviest  work  to  the  Pacific  coast,  rendering  transportation  of  labor,  plant, 
and  supplies  comparatively  inexpensive. 

7.  Absence  of  high  winds  along  the  canal  line.  Transit  would  be  seriously  impeded  in  any 
canal  that  should  lie  through  a  region  subject  tiO  violent  winds. 

"  8.  Freedom  from  liability  to  terrestrial  convulsions  of  a  nature  likely  to  affect  the  permanency 
of  the  works. 

9.  Absence  of  large  streams  or  of  deep  valleys  to  be  crossed  at  a  high  elevation. 

10.  Friendly  attitude  of  the  inhabitants. 

11.  Fertility  of  the  soil.  Tinder  proper  management  the  country  in  the  vicinity  of  the  proposed 
line  could  be  made  to  produce  the  greater  part  of  the  supplies  required  for  the  subsistence  of  the 
laborers. 
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DISADVANTAOBS. 

1.  The  necessity  of  resorting  to  a  tunnel,  involving  great  expense  in  construction,  uncertainty 
in  estimates  of  cost,  and  a  probable  increase  in  the  difficulties  attending  transit,  especially  for  large 
ships. 

2.  The  steep  descent  of  the  Pacific  slope,  necessitating  the  grouping  of  a  large  number  of 
locks,  and  thus  increasing  the  liability^  of  damage  to  the  works. 

3.  Very  heavy  cuttings  iij  the  valleys  of  the  Doguado  and  Chiri-Chiri. 

4.  Limited  water  supply  during  dry  seasons. 

5.  Liability  to  damage  to  the  works  from  sudden  floods.  It  is  believed  that  this  contingency 
is  well  guarded  against,  but  the  liability  to  sudden  and  heavy  floods  in  a  hilly  country  subject  to 
torrential  rains  cannot  be  overlooked. 

6.  Excessive  rains  likely  to  wash  away  embankments,  &c.,  while  in  course  of  construction  and 
to  interfere  generally  with  the  progress  of  the  work. 

7.  Shortness  and  uncertainty  of  the  yearly  periods  well  suited  to  the  work  of  construction. 

8.  Undeveloped  state  of  the  country  and  scarcity  of  native  labor. 

9.  Remoteness  from  the  great  commercial  centers  of  the  world. 

THE    TRUAKBO-ATRATO   ROUTE. 

The  characteristics  of  this  route  are  not  very  dissimilar  from  those  of  the  Napipi.  The  east- 
ern terminus  of  the  canal  proper  is  located  on  the  west  bank  of  the  Atrato,  about  80  miles  above 
tlie  mouth  of  that  river. 

The  scheme  differs  from  that  laid  out  for  the  Napipi  in  this :  it  contemplates  a  canal  without 
locks.  The  project  depends  upon  the  practicability  of  turning  a  portion  of  the  waters  of  the 
Atrato  into  the  Pacific,  thus  forming  a  new  arm  or  river  flowing  with  a  moderate  current,  through 
a  tunnel  under  the  Cordillera,  into  the  Pacific. 

The  initial  point  of  the  proposed  canal  by  this  route  is  also  its  summit  point.  Its  elevation 
above  the  sea  is  placed  at  32  feet,  at  a  low  stage  of  the  Atrato,  and  at  42.77  feet  during  extreme 
freshets.  It  was  determined,  theoretically,  that  the  current  of  this  new  river  would  not  exceed 
that  of  the  Atrato  itself,  but  rather  fall  below  it.  The  proposed  cut  was  to  follow  a  straight 
course  from  the  initial  point  across  the  swamps  to  the  Truando,  then  to  follow  the  general  course 
of  that  river  to  the  mouth  of  the  ISTercua,  a  tributary  of  the  Truando,  thence  a  short  distance  up  the 
Nercua  to  the  mouth  of  one  of  its  tributaries,  the  Grundo,  where  it  leaves  the  Nercua  Valley  and, 
after  piercing  the  Cordillera  with  a  tunnel  12,250  feet  in  length,  strikes  the  Chuparador,  on  the 
Pacific  slope,  and  follows  that  stream  to  the  Paracuchichi,  which  leads  it  to  the  ocean. 

The  dimensions  of  the  canal  were  to  be  100  feet  at  surface  of  the  water  and  30  feet  deep.  The 
height  of  the  tunnel  was  to  be  100  feet  above  the  water-line.  The  length  of  the  cut  from  the 
Atrato  to  the  Pacific  would  be  43.2  miles,  and  the  total  excavation  would  amount  to  151,300,100 
cubic  yards.  The  cost  of  the  work  was  placed  at  $134,450,154.  In  the  estimate  of  cost  the  fol- 
lowing prices  were  used: 

Per  cubic  yard. 

Cost  of  tunneling,  including  the  heading $2  50 

Ordinary  rock  cutting 1  50 

Earth  excavation 33 

• 

It  will  be  observed  that  the  price  allowed  per  cubic  yard  of  tunneling  is  $2.88  less  than  that 
allowed  on  the  iN'apipi  route,  and  that  in  addition  to  this  there  is  an  allowance  of  $20  per  cubic 
yard  on  the  Napipi  route.  The  estimated  cost  of  the  Truando  tunnel  is  $13,995,000.  Applying 
the  prices  allowed  for  the  Napipi,  this  amount  would  be  increased  by  at  least  $22,000,000,  making 
the  cost  of  the  tunnel,  in  round  numbers,  $36,000,000,  and  the  cost  of  the  canal  at  least 
$156,000,000.  If  it  were  possible  to  construct  the  work  for  this  price  and  furnish  a  channehway 
free  firom  locks,  dams,  and  other  hinderances  to  navigation,  the  project  would  be  entertained  in 
advance  of  a  lock-canal  costing  less,  but  the  problem  of  controlling  the  flood  waters  of  the  Truando 
Valley  cannot  be  easily  solved,  and  this  element  of  uncertainty  is  in  itself  sufficient  to  condemn 
the  scheme. 


\ 


The  Isthmus  of  Tehaan tepee,  from  the  Gulf  of  Campeche  to  the  Gulf  of  Tehuantepec,  showing 
line  proposed  for  the  canal  and  the  projected  line  for  a  ship-railway,  the  blue  tint  indicating  the 
latter. 
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THE   TBHUANTBPBC  ROUTB. 

This  route  lies  between  the  mouth  of  the  Coatzacoalcos,  on  the  Atlantic,  and  the  port  of  Salina 
Cruz,  on  the'  Pacific.  The  projected  Qanal  commences  at  the  head  of  ship  navigation  in  the  Coatza- 
coalcos, at  the  island  of  Tacamichapa,  thence  through  the  valley  of  that  river  to  the  dividing  ridge 
at  Tarifa  Pass,  thence  to  Salina  Cruz. 

The  projected  line  is  144  miles  long,  and  one  hundred  and  forty  locks  would  be  required  to 
overcome  the  elevation  of  the  summit  level,  which,  by  a  cut  of  22  feet,  is  reduced  to  732  feet. 
Tweiity-two  miles  of  river  navigation  are  included  in  the  above  distance.  The  dimensions  proposed 
for  the  canal  were :  breadth  at  surface,  62  feet ;  at  bottom,  60  feet ;  depth,  22  feet 

To  supply  water  at  the  summit  level  of  the  canal,  a  feeder  would  have  to  be  constructed.  This 
work  involves  a  dam  122  feet  long  and  86  feet  high  across  the  Coatzacoalcos,  near  its  junction 
with  the  Blanco,  and  at  a  point  on  this  latter  river  about  half  a  mile  above  this  junction  a  dam 
16  feet  high  and  140  feet  long.  A  cut  is  then  to  be  made  above  the  dams  to 'join  the  wat^ers  of  the 
Blanco  and  Coatzacoalcos.  To  convey  this  water  to  the  summit,  a  feeder  canal,  27  miles  long, 
involving  3  miles  of  heavy  cutting,  3J  miles  of  tunneling,  and  1,200  feet  of  an  aqueduct,  will  be 
required. 

The  Pacific  terminus  of  the  canal  would  rfequir©  for  its  protection  a  breakwater  2,000  feet  long. 
On  the  Atlantic  side  there  js  good  anchorage  in  the  Coatzacoalcos,  but  the  best  channel  over  the 
bar,  at  the  mouth  of  the  river,  has  a  depth  of  only  15  feet.  It  is  believed,  however,  that  a  suit- 
able channel  can  be  made  and  easily  maintained. 

No  estimate  was  made  of  the  cost  of  the  work.  Adopting  the  same  prices  used  in  ascertain- 
ing the  probable  cost  of  the  Nicaragua  Canal,  the  engineer's  estimate  would  amount  to  $130,000,000. 

The  plan  adopted  by  the  Commission,  appointed  by  President  Grant  was  to  reject  the  25  per 
cent,  usually  allowed  by  engineers  to  cover  contingencies,  and  in  its  place  use  100  per  cent.  This, 
applied  to  the  Tehuantepec  scheme,  would  make  the  cost  amount  to  $260,000,000. 

In  view  qf  the  many  objections  to  this  route  for  the  purposes  of  a  ship-canal  it  is  hardly  worth 
while  mentioning  any  advantages  which  it  possesses  in  point  of  location.    The  objections  are :  its 
great  length,  the  number  of  locks  required,  a  reasonable  doubt  as  to  the  sufficiency  of  the  water.* 
supply,  the  effect  of  the  severe  northers  blowing  across  the  plains  of  Tarifa,  which  would  be  to  stop 
transit  for  periods  varying  from  a  day  .to  two  or  more  weeks,  and,  finally,  its  great  cost. 

SHIP-RAIIiWAY  PROJECTS. 

It  appears  that  the  scheme  of  an  interoceanic  ship  railway  was  proposed  by  Dr.  William  F. 
Channing,  of  Providence,  R.  I.,  during  the  discussion  which  preceded  the  construction  of  the 
Panama  Railroad ;  and  that  later,  in  1865,  he  secured  a  patent  for  a  method  of  transporting  vessels 
on  a  multiple  track  railway.  His  method  included  the  ship-car  and  cradle,  tilting-tables  for  over- 
coming changes  in  grade,  and  turn-tables  to  effect  changes  in  direction. 

About  ten  years  ago,  1872,  the  Government  of  Honduras,  anxious  to  establish  an  interoceanic 
trahsit  through  her  territory,  adopted  the  project  of  a  ship-railway.  The  Government  had  pre- 
viously negotiated  several  loans  in  Europe  for  the  construction  of  an  interoceanic  railway  from  Port 
Caballos  to  the  Bay  of  Fonseca,  but  as  they  had  met  with  certain  "mischances''  it  was  decided  to 
negotiate  a  fourth  loan  "  for  the  alleged  purpose  of  converting  the  partially  constructed  line  into  a 
railway  for  carrying  ships  of  large  burden,  with  their  cargoes,  across  Honduras.'' • 

In  the  "  Historical  account  of  the  mischances  in  regard  to  the  construction  of  a  railway  across 
the  Republic  of  Honduras,"  Senor  Ferro  states  that  "  when  the  project  for  converting  the  line 
into  a  ship  railway  was  laid  before  the  public  it  was  hoped  that  the  idea  would  be  sufficiently 
supported  to  afford  means  for  finishing  provisionally  the  line  already  begun,  and  afterwards, 
according  as  the  enthusiasm  of  the  public  was  displayed,  to  go  on  with  the  works  for  converting 
the  line  into  a  ship-railway,  or  to  abandon  the  project." 

*An  the  qnotations  referring  to  the  Honduras  project  are  taken  from-Parliamentary  Papers,  "  Loans  to  Foreign 
States,"  Report  of  Committee,  1875. 
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In  March,  1872,  arrangements  were  completed  to  place  the  loan,  but  in  May  following  the 
Honduras  Government,  through  Don  Carlos  Gutierrez,  withdrew  the  same. 

The  scheme  proposed  in  this  instance,  to  effect  the  transit  of  loaded  vessels,  is  explained  in  the 
following  letter,  taken  from  Appendix  Y  to  the  *'  Historical  account"  already  referred  to : 

SHIP-RAILWAY  ACROSS   CENTRAL  AMERICA. 

"  In  order  that  a  ship-railway  joining  the  Atlantic  and  Pacific  Oceans  should  prove  of  any 
real  service,  it  would  be  necessary  that  it  should  be  capable  of  accommodating  vessels  of  at  least 
1,200  tons  burden,  and  that  it  should  be  so  constructed  that,  if  necessary,  it  could  be  modified  so 
as  to  take  larger  ships.  A  vessel  carrying  1,200  tons  would  weigh  about  800  tons  and  would  not 
exceed  200  feet  in  length.  We  have,  therefore,  to  provide  a  railway  capable  of  carrying  a  vessel  200 
feet  long,  and  weighing  with  its  cargo  2,000  tons. 

"The  carriage  on  which  such  a  ship  would  be  placed  should  be  supported  upon  a  very  large 
number  of  wheels  to  prevent  the  weight  on  each  being  greater  than  could  be  dealt  with,  ^nd  for  the 
present  we  may  assume  two  hundred  and  forty  as  being  about  the  necessary  number.  The  number 
of  rails  which  it  would  be  most  economical  to  adopt  would  be  about  six,  and  that  number  is  taken 
as  the  basis  of  calculation. 

"The  number  of  wheels  on  each  of  the  six  rails  would  be  forty,  and  it  becomes  necessary  to 
consider  how  these  wheels  can  be  taken  around  curves.  In  the  case  of  a  curve  of  2,000  feet  radius, 
the  versed  line  of  an  arc  whose  chord  is  200  feet,  is  2  feet  6  inches ;  and  it  therefore  follows  that 
the  middle  wheels,  which  must^be  in  line  with  the  end  wheels  on  a  straight  line,  must  be  2  feet  6 
inches  out  of  line  in  passing  round  a  curve  of  2,000  feet  radius. 

"It  is  quite  possible  to  arrange  that  the  wheels  should  have  a  lateral  motion  equal  to  this 
and  also  that  the  axles  should  be  radial  or  nearly  radial  to  the  track ;  but  as  the  play  mentioned 
is  probably  as  much  as  could  safely  be  given,  it  follows  that  curves  ot  2,000  feet  radius  are  the 
sharpest  that  can  be  adopted. 

"The  carriage  would  work  most  easily  if  the  240  wheels  were  placed  in  sixty  bogies,  those  at 
the  ends  being  fastened  to  the  carriage  in  the  usual  manner  by  bogie  pins,  and  those  at  the  other 
parts  being  fastened  by  links,  so  as  to  admit  of  there  being  a  lateral  motion.  Such  a  carriage 
could  be  easily  constructed,  and  would  weigh  about  600  .or  700  tons,  and  probably  cost  about 
£20,000. 

"  Seeing  that  the  total  load  of  carriage,  ship,  and  cargo  would  be  about  2,700  tons,  and  that 
the  number  of  wheels  is  240,  it  follows  that  the  load  upon  each  wheel  will  be  between  11  and  12 
tons  on  the  average ;  but  as  it  will  be  impossible  to  distribute  the  load  equally  among  so  many 
wheels,  it  will  be  necessary  to  be  prepared  for  a  somewhat  greater  weight.  The  rails  of  a  suflB- 
cient  strength  would  therefore  weigh  not  less  than  120  pounds  per  yard,  and  the  best  arrangement 
would  be  to  lay  the  six  rails  each  5  feet  apart,  making,  a  total  width  of  25  feet. 

"The  best  foundation  for  this  road  would  probably  be  wooden  cross-sleepers  30  feet  long, 
especially  at  first  and  until  the  banks  became  quite  solid,  when,  if  the  timber  was  found  to  decay 
rapidly,  it  might  be  replaced  with  iron ;  but  this  need  not  be  done  for  many  years,  by  which  time 
some  definite  idea  may  be  formed  of  the  nature  and  amount  of  the  trafl&c  and  of  the  points  of  detail, 
which  might  be  altered  with  advantage. 

"The  power  requisite  to  pull  this  carriage  and  load  on  a  level  line  would  be  about  27,000 
pounds;  and  on  a  gradient  of  1  in  50,  57,240;  and  on  a  gradient  of  1  in  100,  87,480  pounds.  To 
perform  this  work  with  ordinary  locomotives  would  require  from  four  to  ten  locomotives,  according 
to  the  state  of  the  rails,  whether  damp  or  otherwise. 

"  As  the  speed  need  not  be  great,  it  would  appear  better  to  adopt  some  means  by  which  the 
locomotives  should  be  independent  of  the  state  of  the  weather.  This  can  be  done  by  laying  a  rack 
along  the  railway,  each  locomotive  having  two  toothed  wheels  which  should  work  in  the  teeth  of 
the  rack,  and  by  working  these  through  gearing,  as  is  done  in  traction  engines  and  in  some  con- 
tractors' locomotives,  it  is  possible  to  increase  the  tractive  power  of  the  engine  by  diminishing  the 
speed. 
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"  For  the  purpose  of  raisiog  the  ship  out  of  the  water  and  placiug  it  on  the  carriage,  a  hydraulic 
lift  could  be  made  use  of,  similar  to  those  used  for  floating  graving  docks.  By  this  system  a  ship 
is  raised  bodily  out  of  the  water  and  floated  away  on  a  ponton  for  repairs;  and  for  the  purpose  of 
this  railway  a  ship  could  likewise  be  lifted  and  placed  on  a  carriage  for  transport.  The  details  of 
this  process  would  be  varied  but  the  principle  would  be  precisely  the  same,  and  seems  superior  for 
this  purpose  to  any  description  of  inclined  road  like  a  patent  slip. 

"  If  these  methods  be  adopted,  there  can  be  no  difficulty  in  constructing  or  working  a  ship 
I'ailway,  provided  the  means  at  the  engineer's  disposal  be  unlimited ;  and  it  only  remains  to  estimate 
the  cost  of  such  a  line  and  to  consider  whether  the  traffic  would  be  likely  to  give  a  proper  return 
on  the  capital. 

"To  estimate  the  cost  of  earthwork  and  bridges  without  a  section  is  impossible,  and  a  section 
of  an  ordinary  railway  with  curves  of  330  feet  radius  gives  very  little  idea  of  what  th«  section 
would  be  if  curves  of  2,000  feet  radius  were  used.  The  estimate  of  this  part  of  the  scheme  must 
be  taken  as  a  good  guess,  probably  not  very  far  wrong,  but  possibly  somewhat  wide  of  the  truth. 

"In  constructing  such  a  line  high  banks  should  not  be  used,  as  they  are  liable  to  settlement, 
and  it  will  therefore  be  necessary  to  allow  a  larger  proportion  than  usual  for  cuttings. 

"Tunnels  are,  of  course,  out  of  the  question,  and  this  again  will  cause  an  additional  amount 
of  cutting  and  increased  expense.  Under  all  circumstances,  it  would  not  be  safe  to  estimate  less 
than  400,000  cubic  yards  of  cutting  per  mile. 

The  cost  of  one  mile  of  permanent  way,  constructed  according  to  sketches  on  the  following 
page,  would  be: 

Rails,  566  tons,  at  £12 £6, 792 

Fishes,  44  tons,  at  £14 619 

Fastenings,  35  tons,  at  £20 * 700 

Rack,  average,  300  tons,  at  £24 7,200 

Sleepers,  Nos.  1760  at  90« 7,920 

Ballast,  Cy.  53,000,  at  3« 7, 950 

Raillaying,  Ly.  1,760,  at  10« 880 


32, 058 

The  allowance  for  bridges  may  be  taken,  at  per  mile 10, 000 

The  cost  of  one  mile  of  earthwork  would  be,  400,000  cubic  yards,  at  28.  6d...    50, 000 

"These  figures,  which  may  be  taken  as  something  near  the  mark,  give  the  means  of  calculating 
the  cost  of  a  line  230  miles  in  length,  which  would  be  the  length  of  a  line  across  Honduras. 
"The  estimate  would  be  as  follows: 

230  miles  earthwork,  at  £50,000 £11, 500, 000 

230  miles  bridges,  at  £10,000 2,300,000 

5  miles  passing  places,  at  £50,000 250, 000 

235  miles  permanent  way,  at  £32,000 7, 520, 000 

400  locomotives,  at  £3,500 1,  400, 000 

100  carriages,  at  £20,000  . . . 2, 000, 000 

Docks  and  hydraulic  lifts 430, 000 

Workshops,  etc.* 400,000 


Total 25,800,000 

"To  this  must  be  added  the  cost  of  engineering,  management,  interest  on  capital  during  con- 
struction, etc.,  making  a  total  capital  of,  say,  £30,000,000,  which  cannot  be  considered,  after  all, 
an  extraordinary  amount  when  the  enormous  advantages  which  will  accrue  to  the  commercial 
world  from  the  opening  of  a  ship-railway  across  Central  America  are  borne  in  mind. 
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"According  to  official  reports  presented  to  both  Houses  of  Parliament  by  Her  Majesty's  Gov- 
ernment, the  total  tonnage  cleared  on  shipment  round  Cape  Horn  is  as  follows: 

*  Tons. 

To  and  from  Great  Britain 16, 000, 000 

To  and  from  other  European  countries 10, 000, 000 

To  and  from  Central  America 8, 000, 000 

To  and  from  United  States  of  America 20,000,000 

Total 54,  000, 000 

"Now,  supposing  that  less  than  one-half  of  the  said  tonnage,  viz,  25,000,000,  passes  over  the 
intended  ship-railway  across  Honduras,  and  a  sum  of  $4,  or  16«.,  only  is  charged  per  ton,  leaving, 
after  deducting  50  per  cent,  for  working  expenses,  $2,  or  8«.,  net  per  ton,  the  ship  railway  would 
pay  a  net  sum  of  £10,000,000  sterling  per  annum,  which  would  be  more  than  three  times  the  amount 
required  to  pay  10  per  cent,  interest  upon  the  outlay  of  £30,000,000  sterling. 

"  It  is,  therefore,  evident  that  a  ship-railway  across  Honduras  would  be  a  profitable  enteiprise 

for  the  Government  as  well  as  a  great  boon  for  the  commercial  interest  of  the  world. 

"  JAMES  BRUNLEES. 
"5  Victoria  Street,  Westminster,  May  8,  ISTl.'^ 

The  most  remarkable  statement  in  the  above  letter  is  that  relating  to  the  amcfunt  of  tonnage 
passing  annually  around  Cape  Horn.  Instead  of  sending  10,000,000  tons  around  Cape  Horn,  Eng- 
land's tonnage  for  1870,  by  that  route,  did  not  exceed  2,000,000  tons.  Referring  to  this  fact,  there 
appears  in  the  minutes  of  evidence  contained  in  the  report  quoted  from  the  following  extract  from 
an  article  in  the  Economist  of  the  25th  May,  1872:       « 

"  This  is  fundamental  truth  (for  everything  depends  upon  the  tonnage  to  be  carried).  Being  so 
diiferent  from  the  statement  in  the  prospectus,  we  do  not  care  to  examine  too  nicely  its  subsequent 
figures,  especially  as  they  relate  to  a  complicated  problem  in  dynamics  and  hydraulics  as  to  which 
hardly  any  one  has  much  experience.  If  what  we  can  test  is  so  very  wrong,  what  we  cannot  test 
may  be  as  wrong,  too.  We  cannot  return  to  speculate  on  the  probable  profit  or  loss  of  so  strange 
an  undertaking;  it  is  much  too  remote  from  actual  data  for  any  solid  or  well-grounded  estimate. 
The  lenders  of  the  money  will  in  our  judgment,  therefore,  have  to  look  not  at  the  piotits  of  the 
railway,  which  are  figures  in  the  air  and  may  never  be  lealized,  but  to  the  good  faith  and  pecu- 
niary resources  of  the  State  of  Honduras." 

tehuantepec  ship  railway. 

The  scheme  proposed  by  Ca[)t.  James  B.  Eads  to  effect  an  interoceauic  transit  for  vessels 
and  their  cargoes  by  this  route  is  e^sentially  the  same  as  that  of  Dr.  Channing ;  but  it  has  been 
developed  to  a  greater  decree  in  points  of  detail.  It  does  not  appear  that  a  line  of  actual  location 
has  been  determined  upon  for  the  railway,  but  the  projected  routes  are  indicated  on  the  accom- 
panying map  of  Tehuantepec. 

The  Atlantic  terminus  of  the  railway  is  reached  from  the  mouth  of  the  Coatzacoalcos  by  using 
that  river  for  25  miles  and  then  by  means  of  a  ship-canal  through  the  swamps  for  29  miles.  Here 
a  system  of  twelve  rails  is  to  be  laid,  extending  3,000  feet  into  a  dock  of  masonry,  fitted  with  a  gate 
or  caisson  so  that  it  can  be  pumped  out  when  lepairs  need  to  be  made.  The  grade  of  the  bottom 
of  the  dock,  and  consequently  of  the  railway,  is  1  foot  in  100  feet.  From  this  initial  point  of  the 
road  the  railway  pursues  a  series  of  straight  lines,  all  changes  of  direction,  estimated  to  be  three, 
being  made  by  turn-table.Sj  passes  over  the  divide,  732  feet  above  the  level  of  the  sea,  and  descends 
to  the  Pacific  coast,  110  miles  from  its  starting  point.  Here  a  dock,  similar  t©  the  one  already 
mentioned,  built  in  one  of  the  lagoons,  whose  common  entrance  is  the  Boca  Barra,  forms  the  l^acitic 
terminus  of  the  railway.    The  maximum  grade  allowed  is  2  feet  in  100  feet,  or  105.6  feet  per  mile. 

The  cars  for  transporting  the  ships  are  to  be  built  of  a  series  of  plate-iron  cioss-^irders, 
extending  across  the  whole  width  of  the  twelve  rails,  and  running  upon  wheels  which  are  2  feet  in 
diameter,  placed  3  feet  apart.    Each  wheel  is  borne  upon  a  separate  and  independent  axle  so 
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arranged  that  it  can  be  easily  removed  and  replaced  in  case  of  accident.  Upon  this  car  is  a  cradle, 
with  keel  and  bilge-blocks,  and  all  other  supports  necessary  for  keeping  a  ship  in  an  upright  posi- 
tion. The  car  is  to  be  100  feet  shorter  than  the  vessel  which  it  is  intended  to  carry,  so  as  to  give 
an  overhang  of  60  feet  at  each  end.  The  motive  power  is  furnished  for  the  submerged  ends  of  the 
road  by  a  stationary  engine.  Over  the  remainder  of  the  route  two  powerful  locomotives,  each 
resting  on  six  rails,  are  to  be  used. 

The  method  of  operation  proposed  is  that  the  stationary  engine  would  back  the  car  with  its 
cradle  down  into  the  dock ;  the  ship  would  then  be  floated  over  this  cradle  and  the  various  sup- 
ports put  in  place.  When  adjusted  to  its  position,  the  car  and  ship  would  be  drawn  up  the  incline 
by  the  stationary  engine.  The  two  locomotives  would  then  be  attached  to  the  car  and  take  it 
across  the  mountains  at  the  rate  of  at  least  6  and  possibly  12  miles  an  hour. 

To  provide  for  the  passage  of  ships  going  in  opposite  directions  and  for  repairs,  turnouts 
are  to  be  conveniently  placed.  The  change  of  direction  from  the  main  track  to  be  accomplished 
by  means  of  a  turn-table. 

The  scheme  of  au  interoceanic  ship  railway  is  so  novel  and  bold  as  to  seem  particularly 
adapted  to  the  progressive  fancies  of  the  American  people,  who  have  so  often  proved  to  the  world 
.  the  practicability  of  many  enterprises  that  were  declared  visionary.  But  in  the  present  instance, 
although  the  project  is  purely  American  the  testimony  as  to  its  practicability  comes  mainly  from 
foreign  sources.  This  fact  is  significant.  No  nation  would  be  so  much  benefited  by  such  a  tran- 
sit as  the  United  States,  and  the  keen  foresight  of  the  American  merchant,  developed  in  the  pro- 
gressive school,  would  not  fail  to  see  the  advantages  such  a  transit  would  yield  to  our  commerce, 
and  his  self-interest  would  compel  him  to  approve  of  the  scheme  if  in  the  chances  for  its  successful 
operation  there  were  not  too  many  doubtful  elements. 

In  determining  the  practicability  of  a  canal  route,  the  opinion  of  the  engineer,  the  merchant, 
and  the  statesman  is  required ;  but  to  arrive  at  a  correct  conclusion  regarding  the  feasibility  of  a 
ship-railway  transit,  it  is  necessary  to  add  to  tbi^  list  of  experts  those  who  build  ships,  those  who 
handle  them' in  the  water  and  out  of  it,  and  of  those  who  assume  risks  upon  the  vessel's  lifetime 
at*  sea. 

The  principal  points  to  be  considered  with  reference  to  the  practicability  of  constructing  and 
operating  successfully  an  interoceanic  ship  railway  are: 

1st.  Can  a  roadway  be  built  in  an  isthmian  country  that  will  have  the  necessary  solidity  and 
permanency  to  maintain  the  system  of  rails,  of  each  section,  in  the  same  plane  and  permit  the 
transportation  of  great  weights  massed  in  a  comparatively  small  area? 

2d.  Can  a  loaded  vessel  be  taken  from  the  water  and  be  supported  in  a  car  without  sustaining 
unequal  and  unprovided- for  strains  upon  her  hull;  and,  if  such  support  can  be  given  at  rest,  is  it 
possible  to  overcome  the  inertia  of  the  loaded  car  and  maintain  its  motion  over  the  road-bed  without 
imparting  concussive,  torsional,  transverse,  and  longitudinal  strains  which  would  prove  destructive 
to  the  vessel! 

3d.  If  it  were  possible  to  transport  the  largest  vessels,  with  their  cargoes,  without  damage  of 
any  kind  to  the  vessel  so  transported,  would  the  ship  railway  offer  any  advantages  to  commerce 
that  a  ship-canal  could  not  supply  ? 

In  the  discussions  which  have  taken  place  in  relation  to  this  scheme,  there  are  many  points 
involved  in  the  above  questions  which,  on  the  one  hand,  are  barely*  covered  by  statements  of  their 
practicability,  while,  on  the  other  hand,  the  opponents  have  stated  their  objections  more  in  detail. 
In  condensing  the  materials  gleaned  from  the  discussion,  to  satisfy  the  above  questions,  the 
argument  on  one  side  might  lose  some  force.  It  is,  therefore,  deemed  proper  to  present  the 
statements  of  each  side.    These  will  be  found  in  Appendix  D. 

The  advantages  claimed  by  the  projector  for  the  route  and  scheme  are : 

1.  That  it  is  the  shortest  route  for  the  greater  part  of  the  tonnage  that  would  use  any  canal. 

2.  That  the  prevailing  winds  are  much  more  favorable  to  commerce  than  they  are  by  any  other 
route. 

3.  That  it  possesses  superior  advantages  for  the  United  States  from  a  military  point  of  view, 

4.  That  it  is  situated  in  a  state  which  is  not  only  averse  to  Euroj^ean  domination,  but  has  the 
power  to  resist  invasion. 
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6.  That  it  is  more  healtbM  than  any  of  the  other  routes. 
For  the  scheme  it  is  claimed: 

1.  That  it  is  entirely  practicable. 

2.  That  the  cost  would  be  one-half  that  of  a  canal  having  locks,  or  one-quarter  of  one  without 
locks,  between  the  same  points. 

3.  That  the  railway  can  be  built  in  one-third  or  one  quarter  the  time  required  for  a  canal. 

4.  That,  when  built,  ships  of  the  maximum  tonnage  can  be  moved  four  or  five  times  faster 
than  by  the  canal. 

5.  That  a  greater  number  of  vessels  per  day  can  be  transported  than  would  be  possible  by  the 
canal. 

6.  That  the  capacity  of  the  railway  can  be  easily  increased  without  interrupting  its  business ; 
to  meet  either  an  increase  in  commefrce  or  an  increase  in  the  size  of  ships.  , 

7.  That  the  cost  of  maintenance  of  the  roadway  and  rolling  stock  would  be  less  than  that  of 
a  canal. 

8.  That  the  cost  of  operating  the  railway  will  be  less  than  the  cost  of  operating  the  canal. 

9.  That  the  railway  can  be  located  and  successfully  operated  in  localities  when  it  is  not  practi- 
cable to  construct  a  canal. 

10.  That  it  is  possible  to  estimate  with  great  accuracy  the  cost  of  a  ship-railway  and  the  time 
needed  to  build  it. 

In  reply  to  these  statements,  the  advocates  of  a  ship-canal  assert  as  follows: 

1.  It  is  not  the  shortest  route  for  the  greater  part  of  the  tonnage  that  would  use  a  canal. 
Tables  compiled  by  the  Chief  of  the  Bureau  of  Statistics,  Treasury  Department,  contain  data  which 
show  that  it  is  the  shortest  route  for  only  one-tenth  of  the  tonnage  that  would  have  used  a  canal 
in  1879. 

2.  The  prevailing  winds  and  currents  are  not  favorable  to  vessels  using  this  route.  The 
following  authorities  substantiate  this  statement :  Wind  and  current  charts.  United  States  Hydro- 
graphic  Office ;  meteorological  charts.  Depot  des  Cartes  et  Plans,  Paris,  1874 ;  current  charts, 
British  Admiralty,  1872 ;  M.  F.  Maury,  wind  and  current  charts.  North  Atlantic. 

3.  The  advantages  claimed  for  the  Atlantic  terminus,  from  a  military  point  of  view,  are  not 
true  for  its  Pacific  terminus,  and  even  were  they,  the  United  States  could  not  easily  take  advan- 
tage of  them.    In  fact,  they  make  a  blockade  by  any  naval  power  especially  easy. 

4.  It  is  true  that  Mexico  is  averse  to  foreign  domination,  but  this  includes  American  as  well 
as  European  states.  She  is  not  able  to  resist  invasion,  as  was  shown  in  her  war  with  the  United 
States,  and  by  the  French  occupation. 

5.  The  climate  is  healthful  for  a  tropical  country,  but  not  more  so  than  other  portions  of  the 
elevated  table-lands  of  the  Isthmus.  On  this  or  any  other  route  all  the  resources  of  sanitary 
science  will  be  required  to  keep  a  working  force  in  fair  condition. 

To  the  scheme  it  is  objected  : 

1.  There  is  more  than  a  reasonable  doubt  as  to  its  practicability,  as  all  the  iron-ship  builders 
in  the  United  States,  with  one  exception,  and  many  of  the  ablest  engineers,  have  declared  it  imprac- 
ticable. The  difficulty  of  moving  ships,  completely  empty,  down  an  incline  of  1  foot  in  12  feet,  and 
frequently  more,  is  well  known. 

3.  As  no  such  structure  as  the  contemplated  railway  has  ever  been  built,  all  statements  sls  to 
its  comparative  cost  with  other  structures  are  purely  theoretical.  Marine  railways,  launching 
ways,  and  the  cost  of  construction  of  the  bottoms  of  dry-docks,  furnish  a  pOor  but  at  the  same  time 
the  only  practicable  means  of  comparison. 

3.  The  claim  that  the  railway  can  be  built  in  one-third  or  one-fourth  the  time  required  to  build 
a  canal  is  entirely  theoretical,  there  being  no  data  founded  on  facts  from  which  to  judge. 

4.  It  is  not  clear  how  masses  weighing  26,000  tons  (the  weight  of  a  ship,  cargo,  and  transporting 
car),  2,000  tons  more  than  the  weight  of  the  Washington  Monument  before  the  last  addition  to  it,  can 
be  carried  at  any  speed  approaching  six  miles  an  hour.  In  fact  it  is  difficult  to  conceive  how  the 
load  can  be  started  at  all,  as  it  represents  a  single  rigid  weight.  Traction  engines,  whatever  their 
power,  within  practical  limits,  can  never  overcome  the  inertia  of  26,000  tons,  represented  by  a 
rigid  car  carrying  a  single  rigid  weight  of  13,000  tons.    Cars  in  a  freight  train  are  started  pro- 
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gressively.  The  locomotive  moves  forward,  bringing  its  momentum  to  bear  upon  the  first  car, 
.which,  starting,  imparts  a  less  momentum  to  the  next  car  in  order,  and  this  does  the  same,  in  a 
lessened  degree,  for  the  next,  and  so  on.  Each  successive  start  of  the  locomotive  gives  rise  to  a 
like  series  of  impulses  to  the  cars  until  finally  the  entire  train  is  in  motion,  and  the  same  thing 
proceeds  until  the  proposed  speed  is  attained.  Were  the  train  massed  in  weight  upon  a  single  car, 
the  locomotive  could  produce  no  effect  upon  it.  The  difiSculty  is  well  illustrated  at  the  Georgetown 
canal  incline.  The  weight  with  water  in  the  pontoon  is  400  tons,  concentrated  in  a  single  car,  the 
pontoon.  The  power  is  equal  to  ^00  horses.  The  400  tons  is,  in  effect,  on  a  horizontal  road-bed, 
being  balanced  by  equal  weights,  exerting  all  their  gravity  so  as  to  aid  in  pulling  the  pontoon.  If 
the  car  be  arrested  on  the  way,  the  machinery  cannot  overcome  the  friction  of  quiescence,  and 
assistance  of  a  powerful  character  becomes  necessary. 

Claims  6,  7,  8,  and  9,  are  statements  of  what  the  projectors  believe,  not  what  they  know.  There 
are  no  known  grounds  upon  which  such  claims  can  be  based. 

Referring  to  the  claim  that  a  greater  number  of  vessels  can  be  passed  over  the  railroad  in  a 
day  than  by  a  canal,  it  is  not  apparent  how,  with  a  single  set  of  tracks,  and  sidings  which  must 
necessarily  be  few,  ships  can  be  made  to  pass  eaQh  other  at  a  more  rapid  rate  than  in  a  canal 
whose  basins  can  be  located  as  nearly  together  as  may  be  desired  ;  this,  too,  without  considering 
the  liability  to  accident  of  the  machinery  operating  the  turn-tables. 

10.  The  estimates  of  cost  and  time  for  construction  may  be  given  from  purely  theoretical  con- 
siderations and  from  the  comparisons  with  the  cost  of  ordinary  railways.  These  considerations 
do  not,  however,  furnish  such  a  positive  basis  as  any  moderately  prudent  man  would  require  before 
investing. 


CHAPTER    XIII. 

Technical  Discussion  of  the  Leading  Canal  Routes;  San  Blas,  Panama,  and  Kicabaoua. 

At  no  time  in  the  history  of  the  problem  of  interoceanic  communication  has  it  obtained  such 
a  conspicuous  position  before  the  world,  and  claimed  so  much  attention,  as  it  has  since  the  call  for 
the  Paris  Conference.  One  of  the  most  important  results  of  the  action  of  that  body  was  to  pro- 
voke an  active  discussion  of  the  problem  in  this  country,  where  there  existed  the  broadest  com- 
prehension of  its  magnitude  and  a  correct  estimation  of  the  many  difQculties  in  the  way  of  its  so- 
lution. 

In  the  discussions  of  the  various  routes  and  projects  which  took  place  before  the  Committees 
of  Congress,  the  American  Geographical  Society  and  the  American  Society  of  Civil  Engineers 
are  to  be  found  nearly  everything  that  can  be  said  in  favor  of  or  against  the  leading  routes  and 
schemes ;  and  it  is  from  the  proceedings  before  these  bodies  that  the  materials  for  the  following  dis- 
cussions are  gleaned. 

SAN    BliAS    ROUTE, 

This  route  lies  between  the  Gulf  of  San  Bias,  on  the  Atlantic,  and  the  mouth  of  the  Bayano 
River,  on  the  Pacific.  It  is  the  narrowest  part  of  the  American  Isthmus,  being  only  30  miles  from 
ocean  to  ocean.    From  the  Atlantic  to  the  head  of  Pacific  tide  the  distance  is  only  19.5  miles. 

The  scheme  suggested  for  this  route  by  Mr.  Frederick  M.  Kelley  is  that  of  a  sea-level  canal, 
involving,  according  to  a  survey  executed  by  engineers  sent  out  by  him  in  1864,  a  tunnel  7  miles 
long.  It  will  be  remembered  that  the  surveys  made  by  Commander  Selfridge  on  this  route  indicate 
the  necessity  for  tunneling  a  distance  of  at  least  8  miles. 

Rejecting  the  results  obtained  by  Commander  Selfridge,  Mr.  Kelley's  projected  line  is  30  miles 
long,  from  ocean  to  ocean;  of  this  distance  10  miles  lie  in  the  Bayano  River,  which  he  deems  capa- 
ble of  improvement  for  the  purposes  of  navigation,  leaving  20  miles  for  canalization,  which 
includes  the  tunnel,  7  miles  long.  In  presenting  this  route  for  consideration,  Mr.  Kelley  says : 
"  The  harbors  at  both  termini  are  good,  and  the  quantity  of  materials  to  remove  for  a  canal  125  feet 
wide  at  the  water-line,  and  28  feet  deep,  is  much  less  than  on  any  sea-level  route  known;  besides, 
the  longest  slope  of  open  cutting  is  on  the  Pacific,  the  most  free  from  floods,  and  much  the  driest 
side  of  the  Isthmus ;  and  the  canal  located  there  through  an  open  plane  out  of  reach  of  drainage, 
I  believe,  would  cost  less  and  remain  more  permanent  than  anywhere  else.^  To  illustrate  the  prac- 
ticability of  constructing  the  San  Bias  tunnel  and  to  show  the  advance  made  in  the  execution  of 
tunneling  work  he  states : 

"The  Mont  Cenis  tunnel  is  7  miles  1,044  yards  long,  25.84  feet  wide,  and  about  20.65  feet 
high.  It  is  lined  throughout  with  brick  and  stone.  It  was  commenced  in  1858,  and  was  finished 
in  1871.  During  the  first  five  years  the  work  was  driven  and  finished  at  the  rate  of  1,300  feet  per 
year,  but  by  means  of  improved  machinery,  drilling  apparatus,  etc.,  this  rate  was  increased  to 
4,500  feet  per  year.  The  total  cost  of  the  work  was  $9,439,400,  which  was  at  the  rate  of  $14  per 
cubic  yard  of  rock,  there  being  in  the  tunnel  682,543  cubic  yards. 

"  The  St.  Gothard  tunnel  is  9  miles,  2,585  feet  long.  Its  height  and  width  are  the  same  as  in 
the  the  Mont  Cenis  tunnel.  That  work  was  completed  in  a  little  over  seven  years,  at  the  rate  of 
6,110  feet  per  year.  It  cost  $9  per  cubic  yard,  there  being  1,109,689  cubic  yards,  and  the  total 
cost  being  about  $10,000,000. 

"  The  San  Bias  tunnel  will  be  7  Ailes  long,  80  feet  wide  at  the  surface  of  the  water,  and  140 

feet  high  from  canal  bottom  to  crown  of  arch.    The  work  can  be  driven  forward  at  the  rate  of 

5,000  feet  per  year,  so  that  it  can  be  completed  in  a  little  over  seven  years.    The  heading  of  the 

San  Bias  tunnel,  containing  332,640  cubic  yards,  I  have  estimated  at  $20  per  cubic  yard,  and  the 
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Map  of  the  San  Bias  route,  showing  localities  examined  under  Mr.  F.  M.  Kelley's  direction, 
and  by  the  XJ.  S.  Darien  Expedition  of  1870. 
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breakdown  on  the  part  below  tiie  heading,  containing  10,090,080  cubic  yards,  I  have  estimated 
at  $6  i)er  cubic  yard.  Of  open  rock-cutting  there  will  be  15,011,219  cubic  yards,  which  haa  been 
estimated  at  from  $1.50  to  $2  per  cubic  yard.  Of  earth  excavation  there  will  be  3,955,889  cubic 
yards,  the  cost  of  which  is  estimated  at  from  60  to  90  cents  per  cubic  yard.  Of  masonry  there  will 
be  54,446,000  cubic  yards,  which  is  estimated  at  $15  per  cubic  yard.  Concrete  is  estimated  at  $7 
per  cubic  yard,  and  the  cost  of  pumping  is  estimated  at  $2,000,000.  The  total  cost  is  estimated  at 
$104,017,780;  that  is,  supposing  the  tunnel  should  require  no  lining.  But  if  the  tunnel  should 
require  lining,  to  that  amount  there  is  to  be  added  about  $30,000,000.  Still,  on  account  of  the 
main  back-bone  of  the  Cordilleras  being  granite  and  outlying  stone  trap,  I  do  not  believe  that  any 
lining  will  be  required. 

^^A  canal  via  the  San  Bias  route  will  give  us  a  deep,  wide  cut  through  the  narrowest  part  of 
the  Isthmus,  through  which  vessels  may  pass  from  ocean  to  ocean,  quickly  and  cheaply,  on  an  even 
keel,  without  the  expense,  dangers,  and  delays  of  locks,  save  one  tidal  lock  to  control  the  high  tide 
of  the  Pacific.  A  ship,  at  the  rate  of  three  miles  per  hour,  could  be  towed  through  the  San  Bias 
canal  in  ten  hours,  and  thus  one  hundred  going  from  the  Atlantic  to  the  Pacific,  and  one  hundred 
from  the  Pacific  to  the  Atlantic,  two  hundred  ships  could  pass  the  Isthmus  at  this  narrow  point  in 
twenty-four  hours  with  perfect  ease. 

^<  The  safest  and  most  reliable  material  to  excavate  in  that  country  is  rock,  and  the  more  miles 
of  rock  the  canal  passes  through,  the  more  safe  and  durable  will  be  the  structure,  the  less  walling 
will  be  required  to  keep  the  banks  from  falling  in,  and  the  less  will  be  the  maintenance  after  the 
work  is  finished.  Of  about  30,000,000  cubic  yards  of  materials  to  be  removed  on  the  San  Bias 
route  (which  is  much  less  than  on  any  other  excepting  the  Atrato-Napipi).  About  25,000,000  is 
rock,  and  hence  the  canal  located  there  would  be  more  safe  and  solid,  and  cost  very  much  less  to 
maintain  in  the  future." 

Mr.  Sidney  A.  Shelbourne,  an  earnest  advocate  of  the  San  Bias  route,  in  the  discussions  which 
took  place,  proposes  a  larger  tunnel.  He  says,  "  Considering  that  it  might  be  desirable  that  the 
largest  vessels  now  a'float  should  pass  eacli  other  within  the  tunnel,  one  going  in  one  direction  and 
the  other  in  the  opposite  direction,  and  considering  the  progressive  size  of  the  vessels  of  the  future, 
I  have  made  this  tunnel  100  feet  wide  at  the  surface  of  the  water.  It  is  also  100  feet  wide  at  a 
depth  of  about  14  feet  below  the  surface  of  the  water,  and  to  a  height  of  54  feet  above  it.  Angles 
are  avoided  iii  the  bottom  of  this^  tunnel,  and  the  sides  are  seen  to  curve  inward  towards  the  floor, 
leaving  a  convenient  fillet  of  rocks  in  the  corners.  The  height  of  the  tunnel  altogether,  from  the 
bottom  to  the  top,  is  proposed  to  be  168  feet,  with  a  depth  of  water  of  28  feet.  The  springing  of  the 
arch  is  to  begin  at  54  feet  above  the  surface  of  the  water,  and  continue  thence  a  further  perpen- 
dicular height  of  86  feet  to  the  crown,  making  the  latter  point  140  feet  above  the  surface  of  the 
water.'' 

The  method  prox)osed  for  excavating  this  tunnel  is  to  commence  at  the  top  section  or  heading 
of  the  main  tunnel.  This  heading  or  preliminary  tunnel  will  have  a  vertical  transverse  section  of 
about  40  square  yards,  and  conforming  it«  arch  with  the  arch  of  the  main  tunnel,  will  have  its 
floor  15  feet  below  its  crown  and  be  about  30  feet  in  width ;  so  that  at  the  sides  of  the  preliminary 
tunnel  its  roof  would  be  7  to  9  feet  above  the  floor.  '^  If  a  section  of  40  square  yards  be  assumed 
for  this  excavation,  a  length  of  7  miles  would  give  492,800  cubic  yards.  The  cost  of  this  prelimi- 
nary tunnel  has  been  placM  at  $10  a  cubic  yard  and  would  amount  to  $4,928,000.  When  the  work 
I  have  just  named  is  completed,  all  the  tunneling  work,  which  it  is  proper  to  name  as  such,  is  done. 
The  rest  is  to  be  classed  as  work  of  another  character.  *  *  *  It  is  clear  to  the  mind  of  an  engi- 
neer that  wheAthe  preliminary  tunnel  is  once  driven  the  remainder  of  the  work  becomes  nothing 
more  than  open  cut  work,  with  the  extra  advantage  that  you  have  the  protection  of  a  roof  over 
you,  so  that  the  work  with  electric  light  can  be  carried  on  twenty-four  hours  a  day  the  year  round, 
without  exposure  to  the  vicissitudes  of  the  weather  or  the  malarial  atmosphere  of  swamps  and 

vegetable  decay.*" 

The  cost  of  excavating  this  great  tunnel  is  estimated,  by  Mr.  Shelbourne,  to  be  about  $65,000,000 ; 

but  if  a  tunnel  with  a  width  of  60  feet  should  be  thought  ample  this  estimate  would  be  reduced  to 

*  It  is  not  likely  that  such  favorable  sanitary  conditions  would  exist.    I  will  give  my  reasons  for  dissenting  from 
Mr.  Shelbonme,  at  the  close  of  the  present  discussion. — J.  T.  S. 
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$40,000,000.  M.  Louis  Favre,  contractor  for  the  St.  Gothard  tunnel,  in  estimating  for  a  tunnel  at 
San  Bias,  places  the  cost  at  $100,000,000. 

The  method  proposed  to  excavate  the  tunnel  is  as  follows : 

"After  the  preliminary  tunnel  has  been  driven  into  the  mountain  on  either  side  for  a  certain 
distance,  a  multitude  of  workmen  are  placed  upon  this  open-cut  excavation,  and  the  tunnel  is 
enlarged  from  the  top  downward  in  benches  of  rock  and  in  convenient  sections,  always  providing 
a  depression  for  the  drainage  of  infiltration.  A  tra<;k  is  laid  in  the  tunnel  and  the  dSbris  is  rail- 
roaded out  on  flats  and  dumped  on  either  side  of  the  proposed  canal  ui)on  the  low  ground  adjacent 
to  the  sea,  and  perhaps  extending  a  certain  distance  into  the  harbor  of  Mandinga,  and  widening 
out  on  either  side  so  as  to  form  a  convenient  mouth  for  the  canal." 

Mr.  Shelbourne  thinks  it  as  easy  to  haul  excavated  materials  3i  miles  out  of  the  tunnel  as  to  haul 
out  of  a  deep  cut  in  a  canal,  and  that  it  would  be  as  easy  to  haul  the  material  the  distance  men- 
tioned as  to  haul  it  over  the  sides  of  a  cut  100  feet  deep.  He  states  that  "  the  Culebra  section  of 
the  Panama  route  contains  about  34,000,000  cubic  yards  of  rock,  while  this  tunnel  on  a  comparative 
estimate  contains  less  than  17,000,000  cubic  yards  of  rock.  Now,  when  the  small  heading  is  put 
through — ^a  heading  of  40  yards  of  section  (while  the  St.  Gothard  tunnel  has  a  section  heading  of 
70  yards) — then  every  cubic  yard  of  the  remainder  of  that  oxcavation  for  the  tunnel  becomes  equiva- 
lent to  a  cubic  yard  of  De  Lesseps'  excavation.-' 

Mr.  Shelboume's  interpretation  of  the  data  which  bear  upon  the  geological  formation  of  San 
Bias  leads  him  to  expect  that  most  of  the  rock  found  in  piercing  the  Cordillera  ^'  will  be  suflSciently 
homogeneous  to  be  self-sustaining.''  He  adds,  "  If  wc  should  find  as  great  a  proportion  of  the 
length  of  the  tunnel  that  would  need  arching  as  they  found  in  the  Hoosac  tunnel,  which  would  be 
in  this  case  a  trifle  more  than  one  mile,  it  is  i)roposed  tluit  an  arch  be  constructed  re.^ting  upon 
abutments  in  the  natural  rock  sides  of  the  tunnel,  i'tO  ihvt  on  the  eurve  of  th(^  arch  below  its  crown, 
which  would  make  each  segment  or  rib  of  the  arch  a  length  of  50  feet.  Now,  to  construct  that  arch 
with  these  ribs  made  of  cast  iron  would  give  about  75  per  cent,  more  strength,  with  only  about 
one-third  of  the  dead  weight  of  an  arch  made  of  the  best  stone,  as  granite,  5  feet  in  thickness  over 
the  whole  space.  A  section  of  one  of  those  ribs  may  be  roughly  represented  by  a  plain  letter  T, 
with  the  head-stroke  shortened  and  the  body-stroke  lengthened.  The  width  of  the  head,  which 
would  he  on  the  greater  or  outward  curve,  next  to  the  rock,  would  be  one  foot,  and  the  depth  of 
the  remainder  of  the  section  of  the  rib  would  be  2^  feet  at  the  crown  of  the  arch,  and  3^  feet  where 
it  rests  upon  the  abutment.  A  shoe  or  bearing-i)late  would  be  cast  on  either  end,  the  full  width 
of  the  head  and  depth  of  the  section,  the  shoe,  on  the  lower  end,  resting  on  the  abutment,  and  the 
bearing-plate  on  the  upper  end  coming  in  contact  with  that  of  its  fellow  at  the  crown.  As  these 
ribs  would  be  placed  close  together,  each  successive  pair  in  contact  with  the  preceding,  it  will  be 
seen  that  each  foot  in  length  of  the  portion  of  the  tunnel  arched  in  this  way  would  be  represented 
by  a  pair  of  these  ribs.    The  metal  in  the  ribs  would  be  of  a  uniform  thickness  of  two  inches,  with  fttt 

a  fillet  at  the  junction  of  t\w  head  with  the  body.  *  #  •  These  segments  of  the  arching  being 
placed  close  to  each  other,  side  by  side,  the  backs  of  the  whole,  when  in  position,  would  represent 
a  continuous  arch-roof  of  iron,  and  the  space  between  this  roof  and  the  irregular  rock  above  would 
be  filled  with  concrete.  The  arch  thus  constructed  could  be  rai)idly  and  easily  put  in  position,  and 
the  cost  would  be  less  than  one-half  that  of  a  granite  arch  of  the  thickness  I  have  named."  To 
prevent  rnsting,  he  i)roposed  "lining  or  silting  the  mold  with  the  elements  of  glass,  or  the  powder 
of  ground  glass  of  the  commonest  description,"  and  ca^st  upon  the  ribs  a  coat  of  glaze. 

He  states  that  ample  provision  can  be  made  to  drain  the  waters  of  infiltration  until  reaching 
the  sea  level,  when  the  work  of  excavation  will  have  to  be  carried  on  in  consecutive  sections  of  half 
a  mile  each,  and  large  centrifugal  pumps  used  to  free  a  section  from  water  while  it  is  being  excavated. 

"The  ti<lelock  upon  the  Pacific  end  of  this  canal  would  be  constructed  of  a  length  of  1,125 
feet  and  a  breadth  of  100  feet ;  the  gates,  instead  of  biding  double  at  either  end  of  this  lock,  would 
be  single,  and  would  be  sliding  instead  of  folding  gates,  and  move  on  rollers,  the  advanced  end  of 
the  gate  moving  into  a  recess  across  the  opening  of  the  lock,  so  that  the  pressure  from  either  side 
will  not  disturb  it  from  it«  position  as  the  tide  \my  be  high  or  low.  These  gates  need  not  be 
tightly  fitting,  for,  since  the  two  oceans  are  the  water-supply,  the  escape  of  more  or  less  water  in 
the  one  direction  or  the  other  is  of  no  consequence.    At  the  middle  division  of  this  lock  there 
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would  be  a  slight  coutractiou  iu  its  width,  aud  here  would  be  another  gate  of  the  same  coustruetioii 
whieh  would  ordinarilj*  be  left  open."  This  middle  gate  is  provided  in  case  of  accident  to  either 
of  the  others,  or  in  cases  where  ordinary  repairs  are  necessary.  With  a  lock  constructed  on  the 
above  plans  he  estimates  that  six  vessels  of  1,000  tons  each  could  be  passed  through  in  one  lockage. 

The  San  Bias  route  possesses  many  attractive  features  and  is  without  doubt  the  best  suited 
for  a  sea- level  canal,  but  there  are  unfortunately  many  weighty  objections  to  such  a  scheme  by  this 
route  even.  With  reference  to  the  statements  that  both  harbors  are  good,  and  that  10  miles  of 
the  Bayano  can  be  nuule  navigable,  extracts  will  be  presented  from  the  report  of  Commander  Lull, 
U.  S.  N.,  who  WHS  ordered,  in  1S75,  to  iiuike  a  personal  examination  of  the  Bayano  Kiver.  He 
states  that,  *'  Our  soundings  had  shown  irom  25  to  30  feet  of  water  in  the  channel  for  the  first  3 
miles  from  the  mouth,  then  freijuent  bars  with  10  feet,  8  feet,  ami  finally  not  more  than  4  feet,  these 
growing  more  and  more  frequent  and  longer  as  we  ascended  the  river.  Just  above  Dr.  KratochviPs 
place  we  found  a  solid  gravel  bar  some  three  quarters  of  a  mile  in  length,  with  scarcely  water 
enough  to  float  a  canoe.  Most  of  the  others  were  composed  mainly  of  mud,  which  is  also  deposited 
in  large  outlying  fiats  olf  the  mouth  of  the  river.  A  strongtidal  current  at  all  times,  and  overwhelm- 
ing floods  during  the  rainy  season  would  render  abortive  anj^  attempt  to  dredge  a  channel  in  this 
stream,  while  up  to  the  highest  point  visited  by  us,  as  said  above,  no  location  existed  for  a  dam  by 
which  to  provide  slack-water  navigation.  We  concluded  that  further  examination,  except  at  the 
river  mouth,  was  unnecessary."  This  examination  showed  that  the  bar,  which  is  said  to  be  a  shifting 
one,  lay  near  the  island  of  Chepillo  and  about  2  miles  from  the  mouth  of  the  river  proper;  and  that 
there  was  a  depth  of  only  12  feet  of  water  upon  it  (reducing  to  low  tide).  Mud  flats  extended  for 
several  miles  in  every  direction. 

Regarding  the  scheme  suggested  for  this  route.  Commander  Lull  saj^s:  *"^The  cost  of  a  tunnel 
of  suitable  cross  section  with  masonry  arch  and  of  one  mile  in  length,  Mr.  Menocal  computes  to 
be  not  les6  than  $15,000,000,  while  for  greater  lengths  the  cost  would  be  increased  iu  a  very  rapid 
ratio,  owing  to  the  distance  it  would  be  nec(»ssary  to  transport  materials  excavated  and  those  used 
in  construction.  It  is  not,  in  my  opinion,  safe  to  estinmte  for  self-sustaining  rock  in  a  projected 
tunnel  of  so  large  dimensions,  for  although  it  might  i)rove  to  be  so,  there  is  no  means  of  ascer- 
taining that  fact  beforehand,  and  the  chances  are,  to  say  the  least,  as  much  against  as  for  it.  A 
tunnel  of  even  .">  miles  in  length  would  thus  cost  between  $80,000,000  and  $100,000,000.  The 
Bayano  River  cannot  be  utilized,  and  an  independent  <^anal  would  have  to  be  built  from  the  end 
of  the  tunnel  to  the  sea." 

It  is  well  to  remember  that  the  contemplated  tunnel  is  intended  to  satisfy  the  requirements  of 
a  sea-level  canal,  and  that,  in  consequence,  nearly  30  feet  of  subaqueous  excavation  will  have  to 
be  made  throughout  its  length.  With  reference  to  this  point,  Mr.  Menocal  stated  before  the 
American  Geographical  Society  that  he  had  "  carefully  examined  what  takes  place  in  the  wellsy 
and  in  the  gold  and  silver  mines,  and  other  excavations  in  that  country,  and  I  say  that  as  soon  as 
we  reach  about  100  feet  below  the  surface  of  the  ground,  the  filtrations  become  so  great  that  many 
of  the  richest  silver  mines  have  to  be  abandoned,  because  pumps  could  not  be  obtained  with  power 
and  capacity  sufficient  to  keep  them  dry.  Through  the  loose  disordered  masses,  the  results  of 
volcanic  action,  that  nmke  up  the  isthmus,  water  filtrates  with  the  greatest  ease  everywhere,  and 
in  great  quantities.  At  the  summit  of  the  Pfinama  Railroad,  its  highest  point,  which  is  282  feet 
above  the  level  of  the  sea,  there  is  a  spring  of  water  that  supplies  all  the  engines  of  the  road,  and  in 
addition  so  far  exceeds  the  demands  upon  it  that  it  runs  down  the  gutters  on  both  sides  of  the 
road.  •  •  •  What,  then,  will  be  the  ett'ect  of  digging  below  the  level  of  the  sea?  From  my 
knowledge  of  the  geological  formation  of  the  Isthmus,  I  believe  that,  so  far  from  encountering 
solid  and  regular  strata,  as  they  suppose,  they  will  meet  with  all  kinds  of  materials — ^limestone, 
trap-i*ock,  sand,  conglomerate  volcanic  deposits — everything,  indeed,  without  regularity,  and  in 
the  most  bewildering  variety,  even  within  the  narrowest  limits.  I  have  seen  workmen  there,  in  the 
digging  of  a  well  to  a  depth  of  no  more  than  50  feet,  go  through  ten  different  kinds  of  materials.'' 

Major  Walter  McFarland,  United  States  Engineer  Corps,  was  selected  by  the  Canal  Commis- 
sion to  make  a  report  upon  the  Nicaragua  and  Napipi  routes,  which  were  at  one  time  rivals  for 
preference.  He  made  a  personal  examination  of  both  routes,  and  in  his  report  there  is  a  criticism 
of  the  Nainpi  tunnel  which  may  profitably  be  quoted  here,  but  it  must  be  remembered  that  the  Say 
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Bias  tunnel,  as  projected,  is  very  much  larger  than  that  proposed  for  the  Napipi,  both  in  regard  to 
length  and  section,  and  this  fact  would  make  his  estimates  too  low  if  applied  as  they  stand.  Treat- 
ing of  the  Napipi  tunnel,  he  says : 

^^  In  regard  to  the  estimated  amount  of  excavation  which  its  construction  would  require,  there 
appears  to  have  been  too  close  an  adherence  in  the  calculations  to  the  geometrical  form  given  by 
the  cross-section,  on  account  of  the  necessary  irregularity  of  excavation  in  rock.  An  allowance  of 
at  least  one  foot  in  depth  below  the  surface  to  be  gained  should  be  made,  and  as  the  perimeter  of 
the  cross  section  is  293  feet  in  length,  the  estimate  would  have  to  be  increased,  taking  the  length 
of  the  tunnel  as  given  in  the  report  at  5,233  yards,  by  170,000  cubic  yards. 

*^  Arching  will  undoubtedly  have  to  be  resorted  to  in  the  construction  of  a  tunnel  of  this  width ; 
and  the  estimate  must,  therefore,  be  increased  by  the  amount  of  excavation  necessary  for  receiving 
the  arch,  and  by  the  amount  of  arched  masonry  required.  Taking  the  thickness  of  the  arch  at  4 
feet,  the  additional  amount  of  excavation  required  would  be  287,000  cubic  yards ;  and  the  amount 
of  masonry  needed  would  be  the  same. 

<<  If  it  should  be  found  in  opening  this  tunnel  that  the  sides  are  not  self-sustaining,  or  are  sub- 
ject to  slides,  a  lining  of  iDasonry  would  also  become  necessary ;  and  this  would  require  490,000 
cubic  yards  of  excavation,  and  the  same  amount  6f  masonry. 

"In  a  work  of  this  character  it  is  necessary  that  some  other  means  of  communication  than  by 
water  should  be  had,  in  order  that  assistance  might  be  easily  rendered  in  case  of  accident  to  the 
work  itself  or  to  a  vessel  passing  through  it.  A  roadway  should,  therefore,  be  constructed  through 
the  tunnel  wide  enough  to  admit  carts  or  wagons  passing  each  other  on  it.  Such  a  roadway,  14 
feet  wide  and  20  feet  high,  would  require  the  excavation  of  180,000  cubic  yards  more.  It  will  be 
seen  that  even  taking  the  low  rate  of  $5.35,  which  the  report*  assumes  as  the  cost  ])er  cubic  yard 
for  tunneling,  and  $25  and  $15  as  the  cost  per  cubic  yard  of  arch  masonry  and  side- wall  masonry, 
respectively,  the  cost  of  this  tunnel  may  be  found  in  actual  construction  to  rnn  up  to  $38,000,000, 
or  more  than  double  the  amount  estimated  for.    •    •    • 

"  I  omitted  mentioning  when  speaking  of  the  tunnel  that  if  it  was  bored  at  an  average  rate  of  6 
feet  a  day  from  any  face  the  amount  of  material  which  it  would  be  necessary  to  get  rid  of  daily 
would  be  1,333  cubic  yards,  weighing,  if  it  were  granite  or  limestone,  3,000  tons ;  and  for  every 
shaft  that  is  made  use  of,  double  this  amount  would  have  to  be  hoisted  out  daily,  if  two  faces  were 
worked  from  it  at  the  same  average  rate.  This  would  require  the  removal ^f  250  tons  per  hour,  if 
every  hour  of  the  twenty-four  were  employed,  or  more  than  4  tons  a  minute.  The  average  height 
through  which  it  would  have  to  be  lifted  is  400  feet.  This  gives  some  idea  of  the  character  of  the 
work  which  the  construction  of  this  tunnel  would  involve.  Its  breadth  is  a  little  less  than  two 
and  a  half  times  the  breadth  of  Mount  Cenis  tunnel,  while  its  height  is  a  little  more  than  four  times 
the  height  of  the  latter.  Therefore,  while  it  would  require  the  removal  of  ten  times  as  much 
material  per  linear  yard,  it  offers  but  two  and  a  half  times  as  much  roadway  for  this  purpose,  and 
it  is  hardly  possible  that  it  can  be  constructed  at  the  same  rate  of  progress  as  the  latter,  which 
was  about  6  feet  per  day  of  twenty -four  hours  from  each  face.'' 

The  project  of  a  tunnel,t  if  successfully  carried  out,  so  far  as  its  construction  goes,  would  still 
be  subject  to  many  objections.  A  convulsive  efifort  of  nature  might  in  a  moment  destroy  the  whole 
work.  Some  new  system  of  towing  vessels  through  would  have  to  be  devised,  and  it  would  be 
quite  a  problem  to  deal  with  the  smoke  and  gases  arising  from  the  steamers  using  the  canal. 

The  principal  object  sought  in  the  construction  of  a  sea-level  canal  is  to  offer  a  safcf  and  speedy 

transit  for  vessels,  but  inasmuch  as  no  sea-level  canal  can  be  built  without  the  introduction  of  a 

lock  to  overcome  the  difference  between  the  Atlantic  and  Pacific  tides,  it  is  not  an  unobstructed 

water-way,  and  it  is  evident  that  a  single  lock  limits  the  number  of  vessels  which  can  enter  or  leave 

the  canal  as  effectually  as  though  there  were  a  dozen  intervening  locks. 

A  last  and  an  important  objection  to  the  San  Bias  route  is  that  its  Pacific  terminus  is  in  the 

region  of  ^<  Doldrums."    A  sailing-vessel  having  passed  through  the  canal  into  the  Pacific,  and 

whether  bound  for  the  south,  west,  or  north,  has  but  one  course  to  follow,  and  that  is  to  make  the 

best  of  her  way  against  light  head  winds  and  through  calms  for  nearly  700  miles  to  the  southward 

■  ■•■•'  ■  ■      .  I  ,  ,  ■■         I. .  I       II     .     ■ 
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and  westward  until  reaching  the  equator  in  85^  or  86^  west  longitude ;  here  she  will  feel  the  influ- 
ence of  the  southeast  trade- winds^  and  can  stand  to  the  westward  until  reaching  the  most  favorable 
point  for  turning  to  the  north  or  to  the  south.* 


*Mr.  Shelbourne  claims  that  men  engaged  npon  tunnel  work  would  be  less  exposed  to  the  vicissitudes  of  the 
weather  and  the  malarial  influences  of  the  country.  I  am  of  the  opinion  that  the  reverse  would  be  the  case; 
that  no  more  unfavorable  conditions  could  be  found  for  human  existence  than  would  be  developed  in  subterranean 
work  on  the  Isthmus,  and  that  these  conditions  would  render  the  execution  of  work  impossible. 

The  responsibility  for  advancing  this  objection  rests  with  me.  It  would  be  impossible  for  me  to  give  here  aU  my 
reasons  for  believing  as  I  do,  but  it  is  possible  to  indicate,  iu  a  general  way,  the  grounds  upon  which  the  argument 
is  based. 

In  1846  Dr.  Weir  Mitchell,  of  Philadelphia,  presented  to  the  public  au  essay  on  the  origin  of  malaria.  In  his 
study  of  the  conditions  under  which  malaria  exists  he  invariably  finds  that  its  environment  is  that  which  is  most 
favorable  to  the  development  of  fungous  life.  By  many  conclusive  arguments  he  demolishes  the  marsh-gas  theory 
and  fairly  establishes  his  own,  which,  briefly  stated,  is  that  the  specific  character  of  malarial  and  other  epidemics  is 
due  to  the  presence  of  certain  forms  of  fungous  life.  He  gives  many  illustrations  to  prove  his  theory,  but  for  the 
present  purpose  a  few  only  need  be  selected.  He  shows  that  every  epidemic  of  the  plague  and  cholera  hasleen  as- 
sociated with  an  unusual  development  of  the  fungi ;  that  the  favorable  conditions  for  the  development  of  these  forms 
of  life  are  darkness  and  a  damp,  chilly,  atmosphere;  that  when  men  have  been  exposed  in  swamps  during  many  hours 
of  sunlight  in  a  country  of  a  decidedly  malarial  character  they  have  escaped  without  contracting  disease,  but  during 
the  same  season  and  at  the  same  place  every  man  exposed  during  only  a  few  hours  of  darkness  became  violently  sick. 

It  is  commonly  believed  that  autumnal  fevers  are  caused  by  the  gases  arising  from  the  immense  quantities  of 
decaying  vegetation.  Tyndall  proved  by  his  experiments,  carried  out  on  the  Alps,  that  putrefaction  was  caused  by 
germs,  borne  on  the  atmosphere,  coming  in  contact  with  an  animal  substance  which  had,  through  death,  lost  its 
power  to  struggle  against  their  parasitic  attack  In  the  fall  vegetation  is  killed  and  decay  ensues.  This  means,  if 
it  means  anything,  that  some  other  forms  of  life  are  thriving  upon  this  death,  for  ''death  is  life.''  To  what  family 
does  this  particular  death  give  existence  f  The  evidences  are  unmistakable ;  the  fungi  in  almost  countless  species 
develop  at  a  rate  that  is  marvelous.  Within  the  last  few  years  a  scieutific  commission,  engaged  in  ascertaining  the 
origin  of  the  Roman  fever,  made  an  analysis  of  the  earth,  air,  and  water  of  the  infected  district,  and  upon  experi- 
ment it  was  ascertained  that  a  certain  spore  of  a  fungous  plant  when  injected  into  the  blood  of  an  animal  caused  all 
the  characteristic  symptoms  of  malarial  poisoning.  These  experimentn,  and  those  of  a  more  recent  date,  conducted 
by  M.  Pasteur,  indicate  a  relationship  between  malaria  and  the  fungi. 

If  such  a  relationship  does  exist,  it  is  natural  to  expect  an  unusual  development  of  fungous  life  in  a  country  of 
such  a  decidedly  malarial  character  as  the  Isthmus.  As  an  instance  of  such  a  relatiounhip,  I  can  cite  an  experience 
of  nearly  four  months  on  board  one  of  our  war  vessels  stationed  at  Aspinwall  during  the  rainy  season.  Out  of  a  com- 
plement of  one  hundred  and  eighty  officers  and  men  only  a  few  individuals  eseappd  an  attack  of  the  Chagres  fever, 
and  the  sick-list,  always  larsce,  increased  to  such  an  extent  that  the  commanding  officer  was  compelled  to  take  the 
responsibility  of  leaving  his  station  without  orders,  and  on  the  day  of  our  departure  there  were  eighty  of  the  ship's 
company  down  with  the  fever.  Here  was  an  abundance  of  malaria  ;  we  will  now  see  about  its  companions,  the  fungi. 
Several  varieties  appeared  soon  after  our  arrival;  an  increase  in  variety  and  quantity  took  place  until  the  ship  became 
completely  surrounded  and  permeated  with  fungi.  During  the  morning,  when  cleaning  ship,  it  became  necessary  to 
sweep  immense  mushroom-like  growths  from  the  coils  of  rope,  and  when  the  sun  appeared  its  rays  were  refiected  firom 
myriads  of  long,  gossamer  webs  floating  from  every  piece  of  rigging  aloft.  Between  decks  there  was  always  a  damp, 
musty  smeU,  and  during  a  single  night  blue  mold  would  collect  in  large  quantities  upon  shoes,  books,  and  other 
articles  in  a  state-room.  A  pair  of  cloth  pantaloons  left  for  a  few  days  in  a  drawer  would,  when  taken  out,  look  and 
feel  as  though  they  had  been  soaked  in  a  weak  solution  of  flour-paste.  An  entirely  new  set  of  rigging  and  awnings 
was  rendered  unserviceable  by  mildew  in  the  short  period  of  our  stay.  If,  under  such  conditions,  favored  by  an 
occasional  sea-breeze  and  intervals  of  sunlight  and  dry  weather,  the  development  of  fungous  life  was  so  great  and  the 
sickness  so  general,  what  is  to  be  expected  in  a  subterranean  passage  where  the  most  favorable  conditions  exist  for 
the  development  of  the  fungi  and  the  worst  possible  for  human  existence  ?  Whether-  it  is  the  fungus  or  something 
invariably  associated  with  it  that  causes  the  poisoning  is  immaterial  as  far  as  the  present  discussion  goes.  The  gloom 
of  the  tunnel,  the  constant  shower  of  chiUed  water  from  its  roof  and  sides,  and  its  deoxygenated  atmosphere  would 
rapidly  lowe"):  the  tone  of  the  human  system  far  below  the  normal  condition,  and  in  this  state  it  would  be  unable  to 
combat  snoceesfuUy  against  the  invasion  of  the  poisoning  element. 

A  little  thought  wiU  satisfy  any  one  that  mosquitoes  are  indigenous  to  malarial  localities.  The  paradise  of  mos- 
qjiitoes  is  on  the  Isthmus.  They,  too,  are  active  during  intervals  of  darkness,  and  this  suggests  the  thought  that  a 
relationship  may  exist  between  thme  and  the  fungi.  The  question  is  often  asked,  For  what  purpose  was  the  mosquito 
created  f  It  is  hard  to  realize  its  usefulness  in  inflicting  its  torments  upon  man  and  boast.  My  answer  is,  that  as  they 
exist  in  greatest  numbers  where  they  can  get  the  most  food,  and  as  there  seems  to  be  a  close  relationship  between  the 
mosquito  population  and  the  malarial  character  of  a  place,  it  would  seem  reasonable  to  suppose  that  their  food  con- 
sisted of  the  elements  which  generated  the  malarial  influence,  and  that,  therefore,  when  legitimately  employed,  the 
mosquito  is  engaged  in  devouring  countless  millions  of  spores  or  germs,  which,  if  not  thus  destroyed,  would  render  the 
locality  totally  uninhabitable  by  man  or  beast.    The  popular  notion  is  that  the  mosquito  must  always  have  a  blood 
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THE    PANAMA    ROUTE.  * 

This  route  lies  between  Aspinwall  and  Panama.  The  canal  line  follows  generally  the  course 
of  the  existing  railroacL  It  ascends  the  Atlantic  slope  in  the  valley  of  the  Chagres  River  to  its 
junction  with  the  Obispo  and  in  the  valley  of  this  river  to  the  divide;  on  the  Pacific  sloi)e  it 
descends  by  the  valley  of  the  Rio  Grande  to  the  Bay  of  Panama. 

There  are  two  schemes  suggested  for  this  route,  one  a  lock-canal  and  the  other  a  sea-level  canal. 
Commander  E.  P.  Lull,  U.  S.  N.,  surveyed  this  route  in  1875,  and,  rejecting  the  last  named  scheme 
as  impracticable,  he  estimated  for  a  lockcaual  of  the  following  dimensions :  Length  from  sea  to 
sea,  41.7  miles ;  width  at  surface,  150  to  104  feet ;  at  bottom,  60  to  72  feet ;  depth,  26  feet.  The 
summit-level  was  placed  at  123.75  feet,  and  was  to  be  overcome  by  the  use  of  twenty-four  locks, 
having  a  lift  of  10.3  feet  each.  They  were  to  be  placed  twelve  on  each  side  of  the  summit.  In 
addition,  a  tidal-lock  at  the  Pacifi;'>  terminus  is  necessary. 

Tlie  Chagres  River  changes  its  course,  near  its  Junction  with  the  Obispo,  so  much  to  the  north- 
east that  it  lies  directly  across  the  line  of  the  canal ;  this  involves  the  necessity  of  carrying  the 
canal  over  the  river  by  a  viaduct  sutticiently  elevated  above  the  floods  of  the  Chagres  River  to 
permit  the  flood  waters  to  pass  under  it.  Tbe  viaduct  would  l>e  1,900  feet  long  and  elevated  44 
feet  above  the  bed  of  the  Chagres. 

The  surface  of  the  water  in  the  viaduct  would  be  the  summit  level  of  the  canal.  To  supply 
this  summit  with  water  a  feeder  line  would  have  to  be  constructed.  To  accomplish  this  it  is  pro- 
posed to  dam  the  Chagres  at  a  point  12  miles  above  the  viaduct  and  raise  its  waters  36  feet  above 
the  ordinary  level ;  thence  the  water  would  be  conducted  10.2  miles,  passing  through  seven  tunnels 
aggregating  13,700  feet  in  length,  and  over  two  aqueducts  into  a  receiving  basin  of  22  acres  area. 
This  basin  is  to  be  formed  by  the  construction  of  a  dam  1,760  feet  long  and  74  feet  high  from  its 
lowest  foundation,  between  two  spurs  of  the  range  of  hills  forming  one  side  of  the  valley'  of  the 
Chagres.  The  basin  is  located  about  1,000  feet  from  the  Pacific  end  of  the  viaduct.  The  channel 
of  the  Obispo  River  has  to  be  changed  for  a  short  distance  in  order  to  give  room  for  the  dam.  The 
estimated  cost  to  construct  tbe  canal  is  $94,511,300. 

A  channel  would  have  to  be  excavated  in  the  harbor  of  l^auania  for  a  distance  of  9,200  feet, 
and  at  Aspinwall  for  a  distance  of  1,800  feet.  A  breakwater  would  also  be  required  at  tbe  latter 
})ort  in  order  to  protect  the  entrance  to  thecanal. 

A  lock  canal  by  this  rout«  would  cost  twice  as  much  as  one  through  Nicaragua,  and  would  be 
inferior  in  many  respects. 

ADVANTAGES. 

The  advantages  claimed  for  the  route  are : 

1.  An  open  cut  with  but  moderate  average  depth  of  excavation. 

2.  A  comparatively  short  distance  from  sea  to  sea. 

3.  Fair  harbors  on  either  side. 

4.  Proximity  to  a  well-constructed  railroad. 

5.  Established  communication  which  exists  with  the  principal  ports  of  the  world. 

DISADVANTAGES. 

1.  The  prevailing  calms  of  Panama  Bay. 

2.  The  want  of  materials  for  the  purposes  of  construction. 

3.  The  large  annual  rainfall. 

4.  The  character  of  some  of  the  swamp  lands  on  certain  portions  of  the  line. 

5.  The  amount  of  tunneling  required  for  the  feeder. 

6.  A  doubt  'as  to  the  sufficiency  of  the  water  supply  at  all  times. 


diet,  but  tbe  number  wbo  fare  thus  sumptuously  is  to  tbe  wbole  tribe  as  tbe  sands  of  Coney  Island  are  to  tbose  of 
Sahara. 

If  I  am  correct  in  what  I  have  stated  about  the  mosquito,  he  would  find  a  good  feeding  ground  in  the  tunnel,  and 
it  is  likely  that  myriads  of  them  would  infest  the  place.  They  might  succeed  in  checking  to  some  extent  the  develop- 
ment of  the  fungi,  but  at  the  same  time  they  would  be  quite  as  successful  in  driving  out  a  higher  form  of  life,  man. — 
J.  T.  Sullivan, 


The  Isthmus  of  Panama,  from  Limon,  or  Navy  Bay,  to  the  Bay  of  Panama,  showing  the 
valleys  of  the  Chagres  and  Rio  Grande,  and  the  lines  of  canal  located  therein;  the  red  line  indi- 
cates Captain  Lull's  location  for  a  lock  canal,  the  blue  line  representing  M.  De  Leasep's  location 
for  a  tide-level  canal. 
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7.  The  necessity  of  introducing  a  viaduct. 

8.  The  nnhealthfulness  of  the  country. 

9.  Tlie  objections  which  apply  to  all  lock-canals. 

In  addition  it  may  be  stated  as  an  objection  that  its  cost  will  be  much  increased  by  the  neces- 
sity of  purchasing,  at  a  high  figure,  the  right  of  way  from  the  Panama  Railroad  Company. 

M.  DE  LESSEPS'  SCHEME :  A  CANAL  AT  THE  SEA-LEVEL. 

The  canal  proposed  follows  the  general  course  of  that  already  described  but  is  located  nearer 
to  the  river  beds.  The  scheme  involves  an  open  cut  through  the  Isthmus  at  a  uniform  depth  of  28 
feet  below  the  low-tide  levels  of  the  oceans.  A  tide-lock  is  necessary  at  the  Pacific  terminus.  The 
length  of  the  canal  by  the  line  followed  is  45.5  miles.  The  dimensions  for  the  wet  section  are,  for 
the  main  portion  of  the  line — 

Feet. 

Width  at  bottom , 72 

Width  at  water-line 164 

Depth 28 

In  the  heavy  cutting  through  the  dividing  ridge,  or  the  Culebra  cut,  the  dimensions  are  some- 
what different,  being- 
Feet. 

Width  at  bottom 79 

Width  at  wa tor-line 85.5 

l)ei)tli 29.4 

A  technical  commission,  appointed  by  M.  Lesseps  to  examine  the  definite  work  for  the  con- 
struction of  the  canal,  adopted  the  figures  contained  in  the  following  table,  representing  the  quan- 
tities of  excavation  and  a  general  estimate  of  cost.  The  commission  consisted  of  the  following- 
named  engineers,  and  they  agreed  to  estimate  the  cost  of  the  work  at  the  prices  fixed  by  the  Paris 
Congress:  G.  M.  Totten,  J.  Dirks,  E.  Boutan,  W.  W.  Wright,  V.  Dauzats,  Pedro  J.  Sosa,  Alejan- 
dro Ortega,  A.  Couvreanx,  fils,  Gaston  Blanchet. 

EXCAVATIONS. 


Sections. 


Under  water. 


Above  water. 


Earth. 


Hard  soil  ca- 
pable of  be-     Hani  rocks, 
ing  dredged.' 


Eartb. 


Hock  8     of 

mean  bard-  ,  Hard  rocks, 
ness. 


Atlantic  section 
Culebra  section 
Pacific  section 


CithienieUrs.    Cubic  tneten.  >  CubiemtUri.  j  Oubie  meUn.    Cubic  meters.    Cubic  utietert. 
9, 330, 000  I  300, 000  |        3, 775, 000  |      23, 710, 000  j  825, 000  3, 0«0, 000 

2,634,000  2,167,000  1 23,190,000 


377,000 


1, 473, 000 


1, 475, 000 


Totol 


6,786,000  I      27,350,000 


825,000        27,734,000 


Grand  total,  75,000,000  cubic  meters. 


OENEBAL  ESTIMATE  OF  COST. 


1st.  Excavations  (sidings  included) : 
{a)  Excavations  above  water: 

Fraucs. 

Earth,  27,350,000  cubic  meters,  at  2.50  francs 68, 760, 000 

Bocks  of  mean  hardness,  825,000  cubic  meters,  at  7.00  francs    5, 775, 000 

Hard  rocks,  27,734,000  cubic  meters,  at  12.00  francs 332, 808, 000 

Excavations  of  rocks  where  pumping  is  necessary,  6,409,000  cubic 

meters,  at  18.00  francs >. 115,362,000 
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(b)  Dred^ng  and  excavations  under  water: 

Francs. 

Mud  and  alluvial  soil,  12,005,000  cubic  meters,  at  2.50  francs 30, 500, 000 

Hard  soil  capable  of  being  dredged,  300,000  cubic  meters,  at  12.00 

francs 3,600,000 

Excavation  of  rocks  under  water,  377,000  cubic  meters,  at  35.00  £: 

francs 13^^,000 

670,000,000 
2d.  Dam  of  Gamboa:  lengtb,  1,600  meters,  maximum  height,  40 

meters 100, 000, 000 

3d.  Channels  for  the  regulated  flow  of  the  Chagres,  and  for  the 

Obispo  and  Trinidad  Rivers 75, 000, 000 

4th.  Tide  lock  on  the  Pa<;ific  side 12,000,000 

5th.  Breakwater  in  the  Bay  of  Limon 10,000,000 

767, 000, 000 
6th.  Add  for  contingencies .- 76, 000, 000 

843, 000, 000 
Or,  at  5  francs  to  the  dollar $168,600,000 

The  cost  of  administration ;  the  cost  of  the  concession;  interest  on  dormant  capital;  the  stock- 
holders guaranteed  premium  during  the  construction  of  the  work ;  and,  finally,  the  amount  to  be 
paid  in  buying  out  the  Panama  Railroad  Company  must  all  be  added  to  the  above  estimate,  and 
will  swell  its  total  by  many  millions  of  dollars. 

The  advocates  of  this  scheme  claim — 

1.  That  it  is  the  shortest  of  the  practicable  routes. 

2.  That  it  will  cost  less  than  any  other  canal  offering  the  same  advantages. 

3.  That  it  can  be  constructed  in  less  time  than  any  other  canal. 

4.  That  the  cost  of  maintenance  will  be  less. 

5.  That  it  will  be  more  easily  preserved  from  obstructions. 

6.  That  it  has  ports  at  its  termini. 

7.  That  it  runs  through  an  inhabited  district. 

8.  That  there  is  already  a  railroad  along  the  entire  route  of  the  canal. 

9.  That  a  sea-level  canal  is  the  only  kind  that  will  stitisfy  the  demands  of  commerce. 
To  these  claims  it  is  objected — 

1.  That  it  is  not  the  shortest  of  the  practicable  routes.  A  sea-level  canal  across  San  Bias 
would  be  at  least  15  miles  shorter. 

2.  It  will  cost  more  to  construct  a  sea-level  canal  than  one  with  a  few  locks,  and  the  advan- 
tages claimed  for  it  of  having  only  a  tide-lock  amount  to  nothing,  as  that  one  lock  limits  as  effect- 
ually, and  in  the  same  degree,  the  number  of  ships  that  could  pass  through  the  canal  as  would 
five  or  six  locks,  or  even  more. 

3.  Many  very  able  engineers  doubt  the  possibility  of  its  construction  without  unlimited  funds 
and  time.  The  natural  difficulties  to  be  overcome  are  of  the  most  gigantic  proportions.  The  grand 
difficulty  is  to  provide  for  the  surface  drainage.  The  average  rainfall  amounts  to  over  12  feet. 
This  is  not  distributed  throughout  the  year,  but  is  precipitated  within  two  periods,  or  rainy  sea- 
sons, aggregating  at  most  seven  months.  During  a  single  rain-storm  6|  inches  have  fallen  in  six 
hours.  The  floods  in  consequence  are  excessive,  and  in  the  Chagres  River  often  rise  30  or  40  feet 
in  a  few  hours.  As  the  canal  is  to  be  at  the  sea-level,  it  would  be  the  ultimate  drain  of  all  the 
waters  in  the  basins  of  the  Chagres  and  the  Rio  Grande.  At  the  point  where  the  canal  crosses  the 
Chagres  River  it  is,  in  the  dry  season,  a  small  -stream  about  250  feet  wide  and  2  feet  deep,  but 
during  a  heavy  flood  the  width  becomes  1,500  feet,  the  depth  over  40  feet,  and  the  volume  of  water 
passing  this  point  is  fully  160,000  cubic  feet  per  second.  The  bed  of  the  river  is  here  42  feet  above 
the  sea-level,  which  is  to  be  the  level  of  the  canal.  The  top  of  a  40-foot  flood  would  then  be  82 
feet  above  the  level  of  the  canal  where  it  crosses  the  Chagres,  or,  making  allowance  for  the  decrease 
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due  to  the  velocity  of  the  water  as  it  approached  the  precipice  and  for  the  head  of  water  above 
the  oceaD  level  after  falling,  78  feet.  This  immense  volume  of  water  would  fall  through  this  height 
into  the  canal  unless  the  river  is  diverted  from  seeking  its  present  bed.  The  flood  waters  of  the 
Chagres  are  not  only  heavily  charged  with  detritus,  but  with  an  immense  amount  of  dSbris  as  well. 
Houses,  trees,  masses  of  vegetation,  rocks,  and  stones  are  borne  on  its  floods,  and  in  a  freshet 
which  occurred  in  the  winter  of  1879-'80  an  iron  tank,  17  feet  above  the  level  of  the  railroad  track, 
was  carried  away.  In  order  to  divert  these  floods  from  the  canal,  it  is  proposed  to  build  a  dam 
across  the  river  at  a  point  above  where  the  canal  crosses  the  Chagres,  and  then  lead  the  waters 
from  above  the  dam  by  an  entirely  new  channel  to  the  sea.  This  undertaking  is  almost  equal  to 
the  rest  of  the  work.  The  dimensions  of  the  proposed  dam  are:  height  132  feet,  and  length 
5,248  feet,  or  nearly  a  mile.  As  yet  no  foundation  has  been  found  upon  which  to  rest  such  a 
dam.  It  is  estimated  that  the  basin  resulting  from  the  construction  of  the  dam  will  hold 
1,300,000,000  cubic  yards  of  water,  a  volume  equal  to  that  of  the  greatest  flood  that  has  been 
recorded.  It  is  not,  however,  a«  much  as  two  floods  would  bring  down ;  and  in  the  contingency  of 
two  floods  occurring  within  a  short  interval,  the  basin  would  overflow  into  the  canal  and  cause  its 
destruction.  To  emphasize  the  necessity  of  providing  for  surface  drainage,  and  prevent  its  being 
taken  into  a  canal,  Admiral  Amnion  quotes  the  following,  in  a  paper  before  the  American  Geo- 
graphical Society,  from  the  Bulletin  Decadaire  of  the  Suez  Canal,  of  June  12, 1878 : 

^'  On  the  part  of  the  canal  in  the  vicinity  of  Suez,  on  the  25th  of  October  last,  a  violent  storm 
produced  a  sudden  and  immense  temporary  torrent,  which,  precipitating  itself  from  the  mountain  of 
Attaka,  fell  into  the  canal,  carrying  with  it  a  very  large  mass  of  solid  material.  This  deposit,  thanks 
to  the  activity  of  our  employes,  was  dredged  very  rapidly,  so  that  navigation  was  not  retarded  a 
single  day ;  but  this  unexpected  dredging  has  added  30,000  francs  to  the  expenses  of  the  canal.'^ 

With  reference  to  this,  Admiral  Ammen  states  that  ^*  the  mean  annual  rainfall  at  Cairo,  less 
than  100  miles  from  this  locality,  is  1.3  inches.  At  Aspinwall  the  mean  annual  rainfall  is  124.25 
inches.  During  the  month  of  November,  1870,  there  was  a  rainfall  of  32.5  inches,  twenty-five  times 
the  mean  annual  rainfall  at  Cairo.  If  the  rainfall,  as  at  Aspinwall,  were  the  normal  condition 
along  the  line  of  the  Suez  Canal,  it  seems  altogether  probable,  from  the  damage  and  expenses 
caused  by  one  showe^,  as  quoted  above,  it  would  be  a  matter  for  serious  consideration  whether  it 
would  not  be  economy  to  lock  up  sufficiently  high  at  least  to  avoid  the  effects  of  surface  drainage." 

4.  Its  cost  of  maintenance  must  necessarily  be  very  great  on  account  of  controlling  such  an 
extensive  system  of  artificial  drainage  under  the  most  unfavorable  circumstances. 

5.  The  harbor  on  the  Atlantic  side,  in  its  present  state,  is  exposed  to  the  severe  northers  which 
blow  occasionally  during  the  winter  months,  but  suitable  protection  may  be  afforded  by  the  con- 
struction of  a  breakwater. 

6.  The  cost  of  excavation  will  be  much  increased  on  account  of  the  distance  materials  will  have 
to  be  lifted  out  of  the  cut,  and  on  account  of  the  distance  they  will  have  to  be  carried  before  a  final 
deposit.  The  eminent  American  engineer,  Mr.  Trautwine,  estimates  that  when  excavation  costs 
19  cents  a  cubic  yard,  when  deposited  within  25  feet,  it  will,  if  carried  one  mile  in  carts,  cost  57.09 
cents  per  cubic  yard,  and  if  carried  two  miles  will  cost  95.57  cents  per  cubic  yard.  This  rapid 
increase  in  the  ratio  of  cost  shows  how  important  it  is  to  have  a  place  of  deposit  close  at  hand. 
In  ordinary  works  much  of  the  excavated  material  can  be  used  to  make  fills  or  embankments  in 
its  immediate  vicinity,  but  in  the  case  of  a sealevel  canal  it  must  be  placed  where  it  will  not  be 
washed  back  again,  and  this  will  involve  its  transportation  over  long  distances. 

"  Every  cubic  meter  of  earth  taken  from  the  summit  must  be  hauled  away  to  some  distant  point 
for  deposit,  since  there  is  none  in  or  about  the  narrow  pass,  and  if  there  were  such  a  place  the 
torrents  of  the  rainy  season  would  sweep  the  material  back  into  the  cut.  Soon  after  leaving  the 
coast,  upon  either  side,  the  mass  of  cutting  falls  much  below  the  country  level,  and  the  earth  or 
rock  must  be  lifted  to  that  level  to  be  then  hauled  a  distance,  or  it  must  be  taken  along  the  line  of 
excavation  to  the  sea.  This  evil  of  long  carriage  grows  greater  as  the  cuts  from  either  side  pene- 
trate the  elevated  regions,  and  precisely  where  the  vast  mass  of  excavation  is  to  be  done.  As  the 
cut  reaches  the  rock  formation,  it  will  lie  l>elow  an  extended  drainage  area  hundreds  of  feet  above. 
Must  it  not  be  anticipated  that  subt^w-^xi^^  water-channels  will  be  cut,  channels  carrying  water 
'  coming  from  the  heights  above,  axi^  w^fote  utideT  Yieavy  pressure  ?  •  ♦  •  Under  the  condi- 
H.  Ex.  107 16  ^iJ^ 
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tions  thus  briefly  sketched,  and  remembering  that  a  cabic  meter  is  more  than  one  and  a  quarter 
cubic  yards,  can  there  be  any  doubt  of  the  expensive  character  of  the  work  t  Will  any  exi>e- 
rienced  man  believe  that  any  27,000,000  cubic  meters  of  excavation  can  be  taken  out  and  hauled  to 
a  distant  dump  at  the  rate  of  37  cents  per  cubic  yard!  Can  he  believe  that  hard  rock  can  be 
excavated,  raised  to  the  surface,  and  hauled  away  for  $1.76  per  cubic  yard,  or  that  it  can  be  exca- 
vated below  the  sea-level,  pumping  included,  and  carried  oflf  for  $2.65  per  cubic  yard?'^ 

7.  It  is  true  that  the  line  passes  through  what  may  be  called  an  inhabited  country,  but  the 
resources  of  the  country  and  its  inhabitants  are  of  but  little  value  in  this  case.  The  climatic  con- 
ditions are  as  bad  as  can  be  found  on  any  portion  of  the  Isthmus.  All  provisions  required  for  the 
sustenance  of  the  construction  party  will  have  to  be  imported,  as  will  also  materials  for  constructing 
the  work,  as  suitable  materials  for  hydraulic  works  are  not  to  be  found  in  the  country.  The  rail- 
road ties  and  telegraph  poles  of  the  existing  road  are  imported. 

In  stating  the  probable  cost  of  a  canal  through  Nicaragua  the  United  States  Canal  Commis- 
sion rejected  the  25  per  cent,  usually  allowed  by  engineers  to  cover  contingencies,  as  insufficient, 
and  applied  100  per  cent,  instead.  Treating  the  estimated  cost  of  the  Panama  sea-level  canal  in  this 
manner,  the  probable  cost  amounts  to  $306,400,000. 

The  objection  of  the  calms  of  Panama  Bay  of  course  apply  ^o  this  scheme.  A  full  discussion 
of  this  subject  will  be  found  in  the  testimony  of  Lieut.  Frederick  Collins,  U.  S.  N.,  before  the  Select 
Committee  of  the  House  of  Representatives  on  the  Interoceanic  Canal.  His  statement  of  the  case 
will  be  found  in  Appendix  B. 

NICARAGUA    ROUTE. 

This  route  lies  between  the  port  of  Greytown,  or  San  Juan  del  Norte,  on  the  Atlantic,  and  the 
roadstead  of  Brito,  on  the  Pacific. 

The  scheme  is  that  of  a  lock  canal,  having  Lake  Nicaragua  for  its  summit-level.  The  elevation 
of  the  surface  of  the  lake  above  the  level  of  the  oceans  is  107.63  feet.  From  Greytown  the  canal 
will  follow  an  almost  straight  line  to  the  Sau  Juan  River,  striking  it  at  a  point  about  six  miles 
below  the  mouth  of  the  San  Carlos ;  thence  it  will  be  constructed  on  the  left  bank  of  the  San  Juan 
until  reaching  a  short  distance  above  the  mouth  of  the  San  Carlos,  where  skickwater  navigation 
commences.  This  river  navigation  is  secured  by  means  of  a  dam  placed  across  the  San  Juan, 
above  the  mouth  of  the  San  Carlos,  where  an  excellent  site  for  it  exists.  The  dam  will  be  2,000 
feet  long  and  49  feet  in  height  above  the  surface  of  the  river,  or  59  feet  above  the  river-bed.  It  is 
high  enough  to  raise  the  surface  of  the  lake  3  feet,  making  the  summit-level  110.63  feet.  By  means 
of  this  dam,  slackwater  navigation  is  secured  in  the  San  Juan  for  more  than  63  miles ;  the  amount 
of  excavation  in  the  river-bed  and  in  the  marginal  waters  of  the  lake  is  very  much  reduced ;  the 
limits  of  the  lake  are  extended,  and  the  amount  of  excavation  through  the  dividing  ridge,  between 
the  lake  and  the  Pacific,  is  very  much  diminished. 

The  summit-level  thus  obtained  will  be  130  miles  long.  Of  tbis  distance  less  than  10  miles  are 
canalized,  leaving  more  than  120  miles  that  can  be  traversed  at  a  high  rate  of  speed. 

After  crossing  the  lake  the  route  lies  in  the  valley  of  the  Lajas,  on  the  lake  slope,  and  in  the 
valley  of  the  Rio  Grande,  on  the  Pacific  slope,' terminating  at  the  roadstead  of  Brito.  The  lengtl^ 
of  this  section  is  17.27  miles,  of  which  distance  more  than  8  miles  belong  to  the  summit-level.  The 
deepest  cut  through  the  divide  between  the  lake  and  the  Pacific  is  40  feet  to  the  level  of  the  canal. 

To  ascend  to  the  summit-level  from  the  Pacific,  one  tide-lock  and  six  lift-locks  will  be  usedj 
on  the  Atlantic  slope  it  is  possible  to  locate  locks  with  a  greater  lift,  so  that  only  five  will  be  intro- 
duced.   The  dimensions  of  the  wet  section  of  the  canal  are—  • 

Feet. 

Width  at  bottom, 72 

Width  at  Surface • 106, 128,  and  165 

Depth m 26 

Length  of  locks 600 

Width  of  locks 70 

*  It  is  not  possible  to  present  the  name  of  the  writer  of  the  article  from  which  these'  extracts  are  taken.    They 
appeared  in  a  letter  to  the  New  York  World  during  the  latter  part  of  February,  1880.    The  article  bears  no  signature. 
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The  total  length  of  the  route  and  the  lengths  of  its  sections  are  as  follows : 

MUes. 

Canal,  from  Greytown  to  dam 35.90 

River  navigation 63. 90 

Lake  navigation 66. 50 

Canal,  from  lake  to  Pacific 17. 27 

Total 173.57 

Of  which  distance  but  53.17  miles  is  actual  canal. 

The  route  and  scheme  adopted  by  the  United  States  expedition  of  1873  differ  from  the  above 
in  several  particulars.  These  changes  and  the  reasons  for  making  them  will  appear  in  the  following 
extracts  from  the  report  of  a  survey  made  by  Civil  Engineer  A.  G.  Menocal^  U.  S.  N.,  in  1880,  by 
order  of  the  Navy  Department : 

<^It  has  been  stated  in  the  official  reports  of  the  surveys  made  by  the  United  States  expeditions 
of  1872~'73,  and  by  other  authorities,  that  two  lines  had  been  located  for  the  canal  between  Lake 
Nicaragua  and  the  Pacific;  one  extending  from  the  mouth  of  the  river  Laja^,  on  the  lake,  to  the 
port  of  Brito;  the  other  from  the  mouth  of  the  river  Del  Medio  to  the  same  terminal  point  on  the 
Pacific. 

<<The  portion  where  there  is  a  difference  in  location  is  between  the  lake  and  the  first  lock  on 
the  Pacific  slope,  or,  in  other  words,  in  that  portion  of  the  canal  where  the  level  of  the  lake  is  to 
be  extended  westerly.  From  Lock  No.  1  to  Brito  they  have  a  location  in  common.  The  deei)est 
cuttings  required  to  reach  the  proposed  level  of  the  canal  are:  For  the  Lajas  line,  43|  feet;  for  tbe 
river  Del  Medio  route,  134  feet,  the  length  of  the  respective  lines  being  17.27  miles  for  the  former 
and  16.33  miles  for  the  latter.  The  estimated  cost  of  the  Del  Medio  route  exceeded  that  of  the 
Lajas  by  several  millions,  J^ut  after  mature  consideration,  and  by  reason  of  better  natural  surface 
drainage,  so  essential  to  the-  stability  of  a  work  of  this  kind,  built  in  a  country  subject  to  a  large 
rainfall,  the  river  Del  Medio  route  was  favored.  On  this  line  no  water-course  of  considerable  size 
would  be  taken  into  the  canal,  and  as  its  watershed  is  quite  small  no  fears  were  entertained  of 
damages  from  freshets.  On  the  Lajas  route  the  conditions  were  dissimilar.  The  river  Grande,  a 
mountain  stream  of  extensive  and  rapidly  inclined  watershed  and  precipitous  channel,  approaches 
the  canal  from  tbe  southwest,  and  turning  to  the  northwest  passes,  with  many  sinuosities,  through 
a  narrow  valley  of  a  width  "but  little  greater  than  required  for  the  cana^.  The  channel  of  the  river 
has  an  average  width  of  60  feet  and  a  depth  of  from  15  to  20  feet,  and  in  its  tortuous  course  alter- 
nately approaches  the  bases  of  spurs  of  a  variable  elevation  projecting  from  the  main  hills  on  either 
side.  Colonel  Ghilds,  who,  in  his  plans  for  a  canal  by  this  route,  had  proposed  to  receive  this 
stream  into  the  canal  by  means  of  a  waste  weir,  estimated  its  maximum  flow,  Calculated  from  the 
highest  water  marks  on  the  banks  and  its  mean  sectional  area  and  descent,  at  5,670  cubic  feet  per 
second.  I  have  been  able  to  obtain,  as  a  result  of  my  own  observations,  and  from  information 
furnished  by  old  residents  in  the  vicinity,  what  may  be  regarded  reliable  data  as  to  highest  water 
marks,  which,  with  the  mean  descent  of  the  river  for  several  miles  and  its  average  water  prism,  show 
that  the  maximum  flow  may  be  as  great  as  10,000  cubic  feet  per  second.  It  is  quite  certain  that  this 
stream  seldom  rises  to  the  height  assumed,  and  since  its  watershed  is  very  abrapt  it  remains  but  a 
few  hours  at  the  high- water  marks  pointed  out  to  me.  But  so  large  a  volume  of  water  could  not  be 
received  into  the  canal  at  a  time  when  least  needed  as  a  feeder,  even  under  the  most  favorable 
conditions  of  flow,  without  danger  to  navigation  and  to  the  stability  of  the  work.  This  was  the 
l^eatest  objection  to  this  route,  and  to  obviate  it  the  preference  was  given,  not  without  reluctance, 
to  the  river  Del  Medio  route. 

'^Partial  examinations  of  this  region,  conducted  during  visits  to  Nicaragua,  subsequent  to 
the  of&cial  surveys,  had  greatly  added  to  my  former  knowledge  of  the  territory  traversed  by  the 
canal.  I  was  thus  aware  that  important  changes  in  the  original  location  could  be  introduced,  but 
there  was  required  an  instrumental  examination  in  order  to  determine  the  measure  of  the  benefits 
to  be  derived  therefrom.  My  last  survey  on  this  portion  of  the  canal  route  was  for  the  special 
purpose  of  ascertaining  the  practicability  of  .turning  the  river  Grande  into  the  lake,  thereby  leav- 
ing the  narrow  va.lley  now  occupied  by  ^^  channel  across  the  divide  free  for  the  constructidn  of 
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the  canal.  With  this  purpose  in  view  the  survey  was  begun  at  a  well-known  station  and  bench- 
mark of  the  survey  of  1872,  and  carried  along  the  bed  of  the  river  Grande  to  its  confluence  with 
the  river  Cascabel,  its  main  tributary.  Special  care  was  taken  in  noting  all  desirable  sitesfor  dams. 
Ascending  the  stream  the  first  was  found  at  'El  Carmen,'  a  point  3,000  feet  by  the  riVer  from  the 
line  of  the  canal.  At  this  point  the  bed  of  the  stream  is  108.48  feet  and  the  highest  water  mark 
124.39  feet  above  mean  sea-level.  From  the  site  of  the  proposed  dam  a  transit  and  level  line 
was  run  in  a  southwesterly  direction,  crossing  the  divide  between  the  Grande  and  Lajas,  with 
an  elevation  of  178.38  feet.  The  line  then  fell  into  the  brook  *  Comalcagun,'  an  afflluent  of  the 
river  Juan  Davila,  the  main  branch  of  the  Lajas.  Following  the  brook  across  the  extensive  valley 
of  locotes,  the  Juan  Davila  was  reached  at  a  distance  of  3.88  miles  from  the  bank  of  the  river 
Grande,  and  at  an  elevation  of  128.27  feet. 

''To  turn  the  river  Grande  into  the  Juan  Davila,  and  through  the  latter  and  the  Lajas  into 
the  lake,  a  dam  39.67  feet  high  will  be  required,  this  height  being  the  aggregate  of  the  difference 
of  level  between  the  river  Grande  and  Juan  Davila  and  the  necessary  fall  of  the  artificial  channel, 
as  follows: 

Feet.  Feet. 

Elevation  of  bottom  of  river  Grande 110. 87     

Elevation  of  high-water  mark,  river  Grande 127. 37  16. 60 

Elevation  of  water  in  Juan  Davila 128. 27  .90 

Elevation  of  high  water  in  Juan  Davila 140.  73  12. 46 

Fall  of  artificial  channel  at  2.53  feet  per  mile 9. 81 

Height  of  dam  above  bottom  of  river  Grande 39. 67 

» 

"The  required  height  of  the  dam  being  established,  it  was  observed  that  in  times  of  high  floods 
the  water  in  the  artificial  channel  would  inundate  to  the  depth  of  2  or  S  feet  the  valley  of  Jobito, 
and  possibly  escape  into  the  river  through  some  pass  between  the  hills.  Another  site  for  a  dam 
was  in  consequence  fixed  some  distance  above  the  first,  and  the  line  for  the  artificial  channel  was 
relocated  over  higher  ground.  The  profile  represents  the  corrected  line  and  elevation  of  dam 
resulting  therefrom.  The  proposed  channel  is  75  feet  wide  at  the  bottom,  15  feet  deep,  has  slopes 
of  1  to  1  and  2  to  1,  respectively,  for  earth  and  rock  excavation,  and  with  the  proposed  fall  of  2.53 
feet  per  mile  will  have  a  discharging  capacity  of  10,273  cubic  feet  per  second,  or  more  than  the 
largest  estimated  flood  of  the  river  Grande.  The  elevation  of  the  water  of  the  Juan  Davilsi  at  its 
confluence  with  the  artificial  channel  is  128.27  feet  in  the  dry  season  and  140.73  feet  at  high  floods, 
or  18  and  30  feet,  respectively,  above  high  lake;  and  the  distance  from  the  river  being  about  6  miles, 
there  will  be  a  fall  of  from  3  to  6  feet  per  mile,  which  in  the  broad  channels  of  the  Juan  Davila  and 
Lajas  need  occasion  no  apprehension  of  the  waters  rising  upwards  of  9  feet  above  highest  recorded 
floods  backing  into  the  Grande  and  flowing  over  the  dam.  , 

"Having  established  the  practicability  of  diverting  the  river  Grande,  I  directed  my  attention 
to  a  careful  examination  of  the  narrow  valley  occupied  by  the  river,  having  in  view  a  relocation  of 
the  canal  route  so  as  to  utilize  the  channel  of  the  river  wherever  practicable,  avoid  the  hills  on  both 
sides,  and  enlarge  the  radii  of  the  curves  as  much  as  the  topography  of  the  country  would  permit. 
The  relocation  made,  as  shown  by  the  map  and  profile,  is  more  favorable  than  was  expected,  and 
the  estimated  cost  of  the  work,  as  given  below,  will  show  the  large  amount  saved  by  the  substitu- 
tion of  this  route  for  that  of  the  river  Del  Medio,  while  the  drainage  of  the  latter  is  in  no  respects 
better  than  that  of  the  former.  ^ 

"In  computing  the  amount  of  excavation  required  by  the  new  profile,  a  uniform  width  of  7i 
feet  at  the  bottom  and  a  depth  of  26  feet,  with  slopes  as  before,  have  been  assumed  throughout. 
That  being  the  maximum  width  adopted  for  the  river  Del  Medio  route,  a  fair  comparison  of  the 
relative  cost  of  the  two  lines  can  be  made,  leaving  for  another  place  the  consideration  of  the  neces- 
sary increase  of  cost  resulting  from  a  modification  of  the  dimensions  originally  recommended, 
changes  that  would  affect  one  as  well  as  the  other  route. 
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'*The  following  is  the  amount  of  excavation  and  embankment  required  by  both  routes,  with 
their  estimated  cost : 


Koute. 


E«timated  cost. 


Del  Medio. 


Excavation  in  rock 

Excavation  in  rock  above  prism 

Excavation  in  earth 

Embankment 


I  Cfubie  yards. 
2. 015. 812 
7,907,812 
6, 583, 788 
2,  247,  565 


Price. 


Li^jas. 


Oubie  yardt. 

1, 359. 682 

2, 719, 185 

7, 224, 282 

781, 051 


Totals 


$1  50 

1  25 

35 

10 


Del  Medio. 


14, 873, 718 

0, 884, 765 

2,804,826 

J24, 757 


Lajas. 


$2,039,373 
3, 398, 956 
2, 628, 498  • 
78, 105  ' 


16, 787, 566 
8,044.932 


Difference 


8, 742, 634 


8, 044, 932 


"For  a  fair  comparison  of  the  two  routes,  the  cost  of  the  dam  and  artificial  channels  should  be 
added  to  the  estimated  cost  of  the  Lajas  line. 


ESTIMATED   COST   OF   CUTTING  THE   ARTIFICIAL,  CHANNEL. 

1,592,434  cubic  yards  excavation  in  earth,  at  35  cents / 

403,649  cubic  yards  excavation  in  rock,  at  $1.25 


$557, 352 
504, 561 


Total '. 1,061,913 

Estimated  cost  of  dam  across  river  Grande 140, 000 

Artificial  channel  at  mouth  of  river  Lajas c 488, 000 


Total 1, 689, 913 

"  Deducting  this  amount  from  the  diflference  in  the  estimated  cost  above  given,  we  have  the 
total  saving  (under  the  same  conizations  and  price  for  quantity  of  work)  of  $7,052,721. 

"  It  will  be  obseVved,  from  an  examination  of  the  profile  submitted,  that  the  level  of  the  lake 
has  been  assumed  at  110.63  above  mean  tide,  the  height  it  attained  at  the  end  of  the  rainy  season  of 
1878,  and  that  the  different  reaches  of  the  canal  below  the  first*lock  have  been  located  almost  alto- 
gether in  excavation,  which  is  not  the  case  on  the  Del  Medio  route ;  so  that  there  has  been  an 
increase  of  excavation  and  a  proportionate  decrease  of  embankment  in  that  portion  of  the  line.  The 
figures  in  the  estimate  for  the  Del  Medio  route  have  not,  however,  been  changed. 

"The  height  assumed  for  the  summit-level,  110.63  feet,  an  increase  of  3  feet  to  that  proposed  in 
the  original  plans,  will  bring  a  decrease  of  2,380.980  cubic  yards  of  dredging  and  blasting  under 
water  in  the  lake  and  river,  which,  at  the  prices  adopted,  amount  to  $1,356,900. 

"In  the  original  plan  for  slackwat^r  navigation  in  the  river  San  Juan,  it  was  recommended  to 
build  four  dams,  varying  in  height  from  21  to  32  feet  above  the  bottonl^)f  the  river,  and  three  short 
canals  with  locks  to  connect  the  different  reaches.  An  excellent  site  has  been  found  above  the 
river  San  Carlos,  where  a  single  dam  of  over  2,000  feet  in  length,  and  59  feet  in  height  above  the 
bottom  of  the  river,  or  49  feet  above  the  surface  of  the  water,  will  secure  an  uninterrupted  river 
navigation  a  distance  of  more  than  63  miles,  or  a  continuous  summit-level  of  more  than  130  miles 
between  the  first  locks  on  either  side.  The  iidvantages  to  be  gained  by  this  modification  cannot  be 
werestimated,  not  only  on  account  of  reduced  cost,  but,  what  is  of  very  great  importance,  the  large 
increase  in  depth  and  width  of  channel  gained  in  the  whole  river  navigation. 

^^The  estimated  cost  of  the  four  dams  proposed  in  the  original  plans,  amounts,  in  the  aggre- 
gate, to  $1,543,526,  and  that  of  the  short  canals,  to  $1,056,922.  Supposing  the  single  dam  now 
recommended  to  cost  as  much  as  the  other  four,  there  will  yet  result  a  saving  of  over  $1,000,000, 
the  cost  of  the  small  canals,  and  $283,000,  the  cost  of  the  designed  diversion  of  the  river  San  Carlos, 
now  uncalled  for. 

"  When  the  canal  line  extending  from  below  the  river  San  Carlos  to  Greytown  was  located  by 
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the  surveying  expedition  of  1873,  but  little  information  concerning  the  topography  of  the  country 
beyond  the  valley  in  close  proximity  to  the  river  could  be  obtained.  The  rainy  season  was  at  hand, 
and  the  personnel  of  the  expedition  was  too  limited  to  admit  of  detaching  from  the  main  work  of 
location  for  the  purpose  of  exploring  an  entirely  new  region,  in  which  the  chances  of  finding  a  more 
jbvorable  location  than  was  known  to  exist  along  the  left  bank  of  the  river  were  very  remote.  More 
than  one  attempt  was  made  in  that  direction,  but  without  definite  results.  The  line  was,  in  conse- 
quence, carefully  surveyed  as  delineated  in  the  plans  accompanying  the  official  reports,  and  what- 
ever is  there  shown  may  be  relied  upon  as  a  truthful  representation  of  the  natural  conditions,  and 
what  was  proposed  has  been  regarded  as  entirely  feasible.  Some  time  after  the  completion  of  that 
work,  I  had  occasion  to  m^ke  a  complete  survey  of  the  river  San  Juanillo  and  lower  valley  of  the 
San  Juan,  a  region  scarcely  known  even  by  the  natives  of  the  country.  The  information  then 
obtained,  sustained  by  subsequent  explorations,  indicated  the  possibility  of  finding  a  far  more 
advantageous  location  for  -the  canal  route,  so  that  diverging  the  line  from  the  vicinity  of  the  San 
Juan,  at  a  point  7  miles  below  the  mouth  of  the  San  Carlos,  it  would  reach  the  harbor  of  Greytown 
by  an  almost  straight  line.  It  was  expected  by  the  new  location  to  save  several  miles  of  canal,  and, 
what  is  of  greater  importa^nce,  to  dispense  with  the  sharp  curves  made  necessary  by  the  abrupt 
bends  of  the  river  and  high  spurs  projecting  from  the  main  hills  in  the  interior  to  the  water's  edge, 
and  relieve  the  canal  from  the  drainage  of  many  square  miles  of  watershed  that  had  to  Jbe  provided 
for  by  the  original  plan. 

"I  regret  very  much  my  inability  to  present  now  the  results  of  an  instrumental  examination, 
with  plans  and  profiles  showing  a  line  of  actual  location  on  which  to  base  an  estimate  of  cost  ^  I  am 
able  to  affirm,  however,  that  the  proposed  change  is  entirely  practicable.  A  personal  inspection 
of  that  region,  conducted  with  the  assistance  of  the  pocket  compass  and  aneroid,  shows  that  the 
canal  line  can  be  taken  from  the  left  bank  of  the  San  Juan,  at  a  point  6  miles  below  the  San  Carlos 
dam,  and  located  over  very  favorable  ground  in  an  almost  straight  line  to  Greytown.  The  distance 
saved  will  be  about  7.4  miles,  as  compared  with  the  first  location.  Deducting  from  this  distance 
the  needed  increase  in  length  of  canal  on  a<M^ount  of  change  of  site  for  dam,  we  have  the  total  as 
the  distance  saved,  6  miles. 

"I  can  safely  state  that  the  new  location  will  be  found  more  favorable  than  the  first;  but 
assuming  the  cost  of  excavation  and  embankment  per  mile  to  hi  the  same  for  both  lines,  we  have 
an  economy  iu  construction  of  $1,917,336. 

"  The  aggregate  saving  by  the  several  changes  proposed  is  as  follows  : 

By  Lajas  route $7,052,721 

Dredging  and  blasting  in  lake  and  river 1,356,  900 

Short  canal  in  river  San  Juan • 1, 056, 922 

Six  miles  of  canal  between  the  river  and  Greytown 1, 917, 336 

Which  deduct  from  original  estimate 11, 383,879 

Total 52,677,718 

We  nave,  estimated  cost  of  the  work,  on  the  same  basis 41, 193, 839 '^ 

This  is  the  engineer's  estimate  without  any  allowance  for  contingencies.  Applying  the  allow- 
ance of  100  per  cent,  adopted  by  the  United  States  Ganal  Commission,  the  extreme  limit  of  pos- 
sible cost  will  be  $82,387,678,  or  $10,000,000  less  than  the  cost  of  the  Suez  Canal.  It  is  not  likely 
though  that  this  extreme  limit  will  be  reached,  as  the  engineer's  estimate  is  based  upon  a  detailed 
survey  of  the  line;  and  the  prices  which  have  been  assumed  for  materials  and  construction  ai^ 
regarded  as  ample.  It  is  important  to  remember  that,  as  the  line  is  one  of  actual  location,  any 
changes  which  may  be  suggested  by  a  fuller  knowledge  of  the  topography  of  the  country  will 
always  tend  to  a  reduction  of  the  original  estimates^ 

The  principal  objections  raised  against  this  route  are : 

1.  Its  length. 

2.  That  it  requires  locks. 

3.  Its  want  of  harbors. 

4.  That  it  lies  in  a  volooipic  region. 
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These  objections  are  answered  as  follows :  . 

1.  The  length  of  the  canal  proper  is  only  8  miles  greater  than  that  required  on  the  Panama 
route.  If  two  canals  diflfered  in  their  conditions  only  in  the  element  of  length,  the  shorter  would 
of  course  be  preferred,  but  if  they  differ  in  other  respects,  it  is  possible  that  the  longer  canal  would 
have  the  preference.  This  is  actually  the  case  between  Panama  and  Nicaragua.  Although  a  vessel 
would  be  a  longer  time  in  transit,  from  ocean  to  ocean,  via  Nicaragua  than  via  Panama,  yet  she 
would,  if  a  sailing  vessel,  make  the  voyage  from  New  York  to  San  Francisco  and  back  in  nineteen 
days'  less  time  than  if  required  to  go  via  Panama ;  and  if  a  steamer,  in  five  days'  less  time.  This 
is  fully  explained  in  the  statement  of  Lieutenant  Collins  already  referred  to. 

2.  That  it  requires  locks.  If  an  artificial  strait  could  be  cut  through  the  Isthmus  at  any  point 
and  maintained,  it  would  be  desirable ;  but  any  sea-level  canal  through  the  Isthmus  must  be  pro- 
vided with  at  least  a  tide-lock,  and  this,  as  already  shown,  limits  the  capacity  of  the  canal  to  receive 
or  discharge  vessels  as  eflfectually  as  if  other  locks  intervened.  Locks  are  objected  to  a«  expensive 
to  maintain,  as  liable  to  be  damaged  and  interrupt  the  traf&c  of  the  canal,  and  on  account  of  the 
length  of  time  required  to  pass  vessels  through  them. 

The  most  valuable  experience  relating  to  locks  of  large  dimensions  comes  from  Canada  and 
the  United  States;  no  other  countries  in  the  world  operate  them  on  such  a  grand  scale.  It  is  proper, 
then,  to  rely  upon  the  opinions  of  engineers  who  have  a  knowledge  of  such  extensive  hydraulic 
works.  Mr.  Gardner  exhibited  a  profile  of  the  Welland  Canal  imi)rovement,  in  the  discussion  before 
the  American  Geographical  Society,  and  said : 

"  This  represents  a  canal  27^  miles  long.  You  will  observe  that  there  is  a  perfect  staircase  of 
locks  to  carry  vessels  of  2,000  tons,  and  the  total  lockage  by  this  staircase  is  326f  feet,  or  three 
times  as  high  as  from  the  Atlantic  to  the  summit-level  of  the  proposed  Nicaragua  Canal.  These 
locks  are  240  by  40  feet,  with  a  depth  of  14  feet.  The  total  height  of  the  lockage  between  the  lake 
and  Montreal  is  about  550  feet.  The  Canadians  built  their  first  ship-canals  in  1829,  and,  after 
about  twenty  years'  experience  with  the  system,  were  so  well  satisfied  that  they  commenced 
improving  and  enlarging  them,  and  they  have  expended  about  $30,000,000  in  tliis  work  of  enlarging 
these  canals  so  as  to  make  them  practicable  for  2,000-ton  vessels.  The  Canadian  engineers  have 
more  experience  than  any  others  with  long  ship-canals,  and  demonstrate  their  success  most  prac- 
tically by  the  enterprise  with  which  they  are  extending  and  enlarging  their  serviceability.  The 
total  expenditure  of  Canada  on  this  long  ship-canal  route,  when  it  shall  have  been  completed,  will 
be  over  $54,000,000.  •  •  •  But  here  this  lockage  in  a  single  place,  within  a  distance  of  7  miles, 
is  three  times  as  great  aer  that  required  on  the  Nicaragua  Canal.  The  locks  are  not  as  large  as  it 
is  proposed  those  shall  be,  but  they  are  large  enough  to  carry  2,000  ton  vessels,  and  these  vessels 
succeed  each  other  rapidly,  one  right  after  another.  Through  the  old  Welland  Canal  they  could 
put  through  4,400  vessels  in  a  sihgle  year,  but  through  the  new  system  9,000." 

In  the  discussion  before  the  American  Society  of  Civil  Engineers,  the  president  of  that  society, 
Mr.  Ashbel  Welch,  said  : 

"  My  present  object  is  to  point  but  how  a  ship-canal  lock  of  the  most  extreme  dimensions,  and 
of  30  feet  lift,  can  be  made,  into  and  out  of  which  ships  of  the  largest  size  can  be  hauled  quickly, 
and  in  which  they  can  be  held  and  handled  safely,  and  all  the  operations  of  the  lock  performed 
surely  and  rapidly  by  a  steam-engine  on  the  wall. 

^'This  mighty  agent  in  its  matured  state,  so  powerful,  so  controllable,  so  instaiutaneouslj'  and 
so  exactly  obedient  to  human  command,  can,  with  suitable  appliances,  which  I  propose  to  point 
out,  be  made  to  perform  all  the  haulings  and  holdings  of  the  ships,  and  all  the  opening  and  shut- 
ting of  the  gates  and  valves,  safely,  certainly,  and  quickly.  Water-power  cannot  so  well  be  applied 
directly,  for  its  changes  are  not  quick  enough,  but  it  may  be  applied  through  hydraulic  engines 
with  great  advantage.    •    •    • 

"  It  appears  from  the  advice  they  have  given,  that  some  of  the  most  eminent  engineers  of 
the  world  have  not  thought  of  this  plan,  or,  at  any  rate,  have  not  thought  it  out,  and  that  for  want 
of  considering  what  can  be  done,  and  knowing  what  has  been  successfully  done  already,  they,  as 
well  as  most  persons  interested  ii^  na^ig^^^^^i  incVudmg  naval  officers,  consider  locks  for  ship- 
canals  absolutely  inadmissible.  X  v.  rxt  wlia»t  1  Uave  already  said  on  more  than  one  occasion,  that 
if  locks  for  ships  could  be  operat^-^  P^     ixx  tU^  ol^  vj^^,1  ^ould  no  more  build  one  than  attempt 
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to  row  the  Great  Eastern  across  the  Atlantic  by  human  hands.  Knowing  only  the  old  way,  those 
engineers  were  right  in  advising  a  level  canal  from  the  Atlantic  to  the  Pacific,  notwithstanding 
its  enormous  cost,  its  unavoidable  narrowness  involving  gre^t  delay  and  risk,  its  exposure  to  floods 
only  imperfectly  diverted,  and  all  the  dangers  and  expenses  incident  to  deep  cuts.  •  •  •  i 
have  calculated  for  a  lift  of  30  feet.  Probably  that  is  as  high  as  the  ground  will  permit  any  lock 
to  be  made.    I  should  not  hesitate  to  go  higher  than  that  if  the  situation  permitted. 

"When  there  is  plenty  of  water,  or  when  water-saving  basins  are  used  for  the  locks  of  large 
lift,  there  is  no  necessity  for  the  traditional  Procrustean  rule  of  making  the  locks  of  uniform  lift, 
whether  that  fits  the  ground  or  not.  Mr.  Douglass,  already  mentioned,  made  locks  of  33  feet  lift 
which  worked  easily,  safely,  and  well  for  a  quarter  of  a  century.  They  were  emptied  in  two  min- 
utes. The  higher  the  lift  the  less  tlie  cost  of  construction  and  operation,  and  the  less  the  detention 
per  foot  lift.^ 

Mr.  Welch  prox>oses  to  control  the  movements  of  a  vessel  entering  and  leaving  a  lock  by  a 
steam  "  lock-operator"  on  the  lock-wall,  where  it  has  a  fixed  base  of  operation. 

"All  the  processes  are  performed  by  a  single  expert,  who,  from  his  elevated  and  sheltered  posi- 
tion, does  everything,  and  has  every  lever  within  his  reach  without  changing  his  position  or  turning 
his  head. 

"  This  is  not  a  mere  theory  or  untried  project,  but  I  devised  it  many  years  ago,  and  put  it  in 
operation  eleven  years  ago,  and  it  has  been  in  successful  operation  ever  since.  True,  it  is  on  a 
much  smaller  scale;  but,  on  the  other  hand,  it  is  not  on  locks  best  adapted  to  the  purpose,  which 
a  ship-canal  lock  can  and  should  be,  and  the  apparatus  is  so  simple  that  it  can  be  applied  with  ease 
and  certainty  on  any  scale. 

"The  steam  '  lock-operator,'  as  I  have  chriHteued  it,  removes  all  the  objections  to  locks,  except 
the  cost  of  construction  and  of  ox>eration ;  and  it  is  a  question  in  each  ca«e  that  arises  whether 
more  than  that  cost  is  saved  in  some  other  way  ;  and  it  is  a  question  in  each  case  whether  more 
time  is  saved  in  some  dther  way  than  is  lost  by  locks. 

"  Large  ships  passing  a  lock  should  be  held  firmly  in  every  direction,  and  never  allowed  to 
touch  the  walls  or  gates.  They  should  be  hauled  in  slowly  j  out,  as  rapidly  as  the  stationary  power 
will  move  them.  Their  own  steam  should  not  be  used  except,  perhaps,  in  going  out,  and  their 
rudders  should  not  be  relied  on,  not  their  own  crews,  except  mainly  to  hook  on  the  wire-rope  lines." 

Mr.  Welch  estimates  the  time  required  to  pass  a  vessel  weighing  40,000,000  pounds — 10,000,000 
pounds  more  than  the  displacement  of  the  City  of  Eome — to  be  as  follows : 

^  Minutes. 

To  hook  on  the  hauling  and  breast  lines , 1. 0 

To  give  velocity  of  3  feet  per  second  in  135  feet 1.6 

To  move  540  feet  at  3  feet  per  second T 3. 0 

To  stop  in  135  feet 1.5 

To  shut  the  lower  gates ..../. 1. 0 

To  fill  the  lock  safely  (outside  calculation) . . ' 6. 0 

To  open  the  upper  gates 1. 0 

To  overcome  the  inertia  and  move  810  feet 5. 5 

Total 20. 5 

"  Probably  in  almost  every  location  where  water  is  to  be  had  a  better  ship-canal  can  be  made 
with  a  few  locks,  and  at  a  far  less  cost,  than  a  sea-level  canal.  A  small  part  of  the  money  saved 
by  the  locks  will  in  most  cases  make  a  broad  and  deep  channel,  where  ships  can  go  safely  and 
rapidly,  and  pass  each  other  anywhere  without  delay,  instead  of  narrow,  deep  cuts,  commonly 
dangerous,  and  always  expensive  where  ships  must  move  slowly,  and  commonly  wait  to  pass  each 
other. 

"  The  question  must  be  decided  in  each  case  whether  the  very  large  amount  required  for  the 
construction  and  operation  of  a  lock  will  save  a  larger  amount  in  some  other  way,  and  whether  the 
half-hour's  delay  at  each  lock  will  save  a  greater  delay  in  some  other  way. 

"  The  plan  I  have  presented  of  the  construction  and*  operation  of  a  ship-canal  lock  is  so  simple, 
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and  its  practicability  so  evident,  your  mental  exclamations  have  probably  so  often  been,  *  Why,  of 
course,'  that  I  feel  like  apologizing  for  taking  up  your  time  in  laying  it  before  you.  And  yet, 
though  so  plain  when  once  presented,  eminent  engineers  have  failed  to  see  It.'' 

The  Saint  Mary's  Falls  Canal,  near  the  village  of  Sault  Ste.  Marie,  Mich.,  on  the  outlet  of  Lake 
Superior,  has  the  largest  lock  in  the  world.  The  chamber  of  this  lock  is  515  feet  long,  80  feet 
wide,  and  has  a  lift  of  18  feet.  Near  the  gates  the  width  of  the  lock-chamber  is  reduced  to  60  feet 
in  order  to  diminish  the  size  of  the  gates.  The  construction  of  this  lock  has  been  rendered  nec- 
essary by  the  increase  in  the  business  of  the  canal  and  of  the  size  of  vessels  using  it.  In  the 
original  canal  the  difference  of  elevation  was  overcome  by  two  combined  locks,  each  350  feet  long, 
70  feet  wide,  and  with  a  lift  of  9  feet.  The  gates  were  opened  by  a  line  and  closed  by  a  boom ; 
manual  labor  being  applied  through  a  capstan  on  the  lock-wall.  This  canal  was  constructed  in 
1855,  and,  even  with  sucl\  primitive  methods  for  operating  the  locks,  has  proved  to  be  a  very  suc- 
cessful one.  Thirty-seven  vessels  have  passed  through  the  locks  in  twenty-two  lockages  in  twenty- 
two  hours.  General  G.  Weitzel,  U.  S.  A.  Corps  of  Engineers,  in  charge  of  the  improvement  of  this 
canal,  says : 

"  I  expect  to  be  able  to  pass  a  single  vessel  through  the  new  lock  at  Saint  Mary's  Falls  Canal, 
when  everything  is  in  good  working  order,  in  eleven  minutes,  as  follows,  viz : 

Minutes. 

Entering  lock-chamber 1 J 

Closing  gates 1 

Filling  lock 6 

Opening  gates 1 

Leaving  lock-chamber IJ 

Total '. 11 

"To  pass  the  Ville  de  Paris  through  a  lock  of  12  feet  lift  with  modern  improvements  would 
require  about  eight  minutes." 

The  probable  time  of  transit  through  the  Nicaragua  Canal  is  stated  by  Capt.  S.  L.  Phelps,* 
chairman  of  the  executive  committee,  Interoceanic  Canal  Society,  to  be  as  follows:    , 

Honrs. 

Passage  of  51 J  miles  of  canal,  at  4  miles  per  hour 13 

120  miles  of  river  and  lake  navigation,  at  10  miles 12 

Twelve  locks,  at  fifteen  minutes  each 3 

Deductions,  etc 8 

Total  time 36 

If  the  slopes  of  the  water  prism  of  the  Nicaragua  Canal  are  protected  by  suitable  covering  a 
higher  rate  of  speed  than  4  miles  an  hour  could  be  maintained,*  as  vessels  steam  through  the  Cale- 
donian Canal,  which  has  a  smaller  wet  section,  at  as  high  a  rate  as  11  miles  per  hour.  The  pro- 
posed dam  across  the  San  Juan  River  will  increase  the  depth  and  width  of  the  river  channel, 
which,  having  easy  curves,  will  permit  a  very  high  rate  of  speed. 

3.  The  next  objection  to  be  answered  is  the  want  of  harbors.  No  matter  how  attractive  the 
other  features  of  a  route  may  be,  if  suitable  protection  cannot  be  afforded  at  the  entrances  to 
the  canal,  the  project  by  such  a  route  would  be  abandoned.  The  great  desideratum  for  each  termi- 
nus of  a  canal  route  is  a  spacious  harbor  affording  protection  to  the  entraace  pf  the  canal  and  to 
the  vessels  awaiting  transit.  It  has  already  been  pointed  out  that  the  isthmian  routes  possessing 
the  best  terminal  ports  have  the  worst  internal  features;  the  reverse  is  true  regarding  Nicaragua. 
If  such  harbors  as  are  desirable  do  not  exist,  the  questions  come  up,  can  they  be  made  t  or,  if  not, 
can  the  entrances  be  properly  protected,  and  can  ports  be  found  near  enough  to  the  termini  from 
which  vessels  can  be  dispatched  to  enter  the  canal  at  any  assigne<l  time  t  As  far  as  they  relate 
to  Nicaragua,  these  questions  seem  to  be  satisfactorily  settled.  The  plans  proposed  for  the  res- 
toration of  Grey  town  Harbor^nd  the  protection  of  the  Pacific  terminus  of  the  canal  at  Brito,  have 
been  before  the  most  eminent  engineers  of  the  world,  and  all  who  have  studied  them  regard  the 
means  proi)osed  as  capable  of  accomplishing  the  end  in  view, 
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With  reference  to  the  harbor  at  Grey  town,  Captain  Lull  says:*  "The  river  San  Juan  dis- 
charges its  waters  through  two  months,  the  Colorado  and  the  San  Juan.  The  Colorado  dis- 
charges at  the  low  stage  99  per  cent,  of  the  river  flow.  Its  current  is  opposed  directly  to  the 
sea,  produced  by  the  prevailing  trade-winds,  forming  an  ugly  bar  off  its  mouth.  The  Lower 
San  Juan  empties  into  the  Bay  of  Greytown,  once  a  magnificent  harbor,  but  now  a  mere  shallow 
lagoon.  Twenty  years  ago  I  saw  ships  of  war  anchored  where  now  there  is  scarcely  water  for 
a  canoe.  The  material  with  which  it  has  been  so  nearly  filled  up  is  the  silt  already  spoken  of 
as  coming  from  the  San  Carlos  River,  and  which  is  brought  down  in  enormous  quantities  during 
the  rainy  season.  A  cordon  or  mole  of  sand  now  closes  up  the  entrance  of  the  harbor  almost 
entirely  for  the  greater  part  of  the  year,  though  during  freshets  it  is  broken  through,  sometimes 
in  one  place,  sometimes  at  another.  The  mole  extends  from  the  main  shore  just  north  of  Grey- 
town  in  a  direction  about  east  by  north.  Twenty  years  ago  the  out  portion  existed  in  the  form 
of  a  hook,  which  was  known  as  Punta  Arenas,  and,  between  the  point  and  the  mainland,  there 
was  a  deep  channel.  This  was  entirely  closed  up,  a  year  later,  by  the  waste  material  from  a  break 
farther  out  during  a  freshet.  The  sea  caused  by  the  trade- wind  comes  from  a  little  to  the  north- 
ward of  the  travel  of  the  outer  beach.  The  river  enters  the  harbor  by  two  mouths,  the  principal  of 
which  empties  into  that  part  of  the  harbor  known  as  Harbor  Head,  very  near  the  inclosing  sand 
strip.  A  small  opening  near  this  point  is  always  maintained,  though  constantly  shifting  its  posi- 
tion. During  the  rainy  season,  the  current  being  very  strong  and  the  sea  outside  comparatively 
still,  owing  to  the  interruption  of  the  trade-winds,  large  quantities  of  silt  are  carried  outside  of  the 
mole,  the  opening  in  which  becomes  wide  and  comparatively  deep.  As  the  rains  begin  to  slacken, 
and  the  trade-winds  to  increase  at  the  change  of  the  season,  the  sea  transports  the  silt  to  leeward, 
and  generally  closes  up  any  opening  that  may  have  been  made  near  the  old  entrance,  just  as  it  did 
on  the  first  occasion  referred  to.  The  filling  up  of  the  harbor  basin  has  been  largely  assisted  by 
the  luxuriant  vegetable  growth,  more  especially  of  aquatic  species.  The  cordon,  owing  to  its  shift- 
ing character,  affords  very  little  encouragement  to  the  spontaneous  growth  of  vegetation,  and  no 
effort  whatever  is  made  by  the  authorities  or  inliabitants  to  assist  nature  in  placing  her  ligatures 
upon  its  unstable  sands,  and  thus  giving  it  some  degree  of  permanency. 

THE  RESTORATION  OF  THE  HARBOR. 

"The  j)lan  which  I  proposed  for  the  restoration  of  the  harbor  of  Grej  town  is  as  follows: 

"  First.  To  throw  a  dike  across  the  head  of  the  Lower  San  Juan,  just  below  the  forks,  and  thus 
turn  h\[  the  silt- bearing  waters  through  the  Colorado,  whose  mouth  is  18  miles  south  of  Greytown. 
This,  by  cutting  off  the  supply  of  silt,  and,  what  is  of  greater  immediate  importance,  by  cutting 
off  the  freshets,  and  thus  preventing  the  breaking  through  and  waste  of  the  cordon,  will  make 
possible  tlie  next  step,  t.  e.,  that  of  building  together  the  materials  of  the  cordon,  as  above  sug- 
gested, by  planting  mangrove  all  over  its  surftice,  and  by  adopting  the  usual  methods  for  protect- 
ing its  outer  face,  viz,  piling,  mattresses,  etc.,  as  far  as  found  necessary,  the  supply  of  material 
which  could  be  moved  by  the  sea  would  soon  be  exhausted.  An  entrance  must  then  be  opened 
near  its  old  place,  and  protected  by  a  breakwater  extending  some  3,000  feet  in  a  northwest  by 
north  direction,  or  out  to  the  35-foot  curve.  The  angle  formed  by  the  breakwater  and  the  out^r 
beach  would  no  doubt  fill  up  to  a  certain  extent  quite  napidly  by  the  moving  sands,  but  by  the 
adoption  of  the  means  above  indicated,  for  cutting  off  the  supply  of  silt  and  controlling  the 
movement  as  much  as  possible  of  that  which  now  exists,  I  feel  confident  that  it  would  cease  before 
passing  the  end  of  the  breakwater. 

"  Portions  of  the  basin  of  the  harbor  would  have  to  be  deepened  by  dredging.  The  waters  of 
the  canal  being  free  from  silt  would  be  admitted  to  the  harbor,  which  would  also  receive  the 
drainage  of  the  San  Juanillo,  a  small  stream  whose  waters  are  also  clear.  I  believe  that  the  plan 
here  given  in  its  merest  outline  will  be  effectual  in  restoring  tiie  harbor  and  making  it  adequate 
for  the  purposes  needed,  that  is,  a  i)rotected  entrance  for  the  canal. 

'*It  was  my  fortune  to  serve  as  navigating  oflicerof  one  of  our  cruising  ships  in  the  Caribbean 
during  the  years  1858,  1859,  1860,  during  which  time  this  hitherto  magnificent  harbor  was  actually 


•  In  bis  Btatemeiit  to  the  Select  Committee  of  the  House  of  Representatives  on  the  Interocoanic  Canal. 
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closed  up.  The  growth  of  the  mole  or  cordon  towards  the  western  beach  had  been  going  on  gradu- 
ally for  years,  but  the  final  catastrophe  was  precipitated  by  the  breaking  through  of  the  beach 
outside  Punta  Arenas,  at  a  point  where  it  had  been  injudiciously  cleared  of  trees  that  then  existed. 
So  sudden  was  the  movement  that  the  United  States  frigate  Savannah,  lying  at  anchor,  barely 
escaped  being  shut  up  for  good,  being  towed  over  the  bar  by  a  visiting  steamer  with  considerable 
difficulty.  Under  the  direction  of  my  then  commanding  officer,  I  made  several  reconnaissances 
to  note  the  progress  of  the  change.  The  study  which  I  made  at  that  time,  coupled  with  that 
during  the  summer  of  1872-'73,  determined  me  in  proposing  the  plan  above  described.  Mr.  A.  G. 
Menocal,  the  chief  civil  engineer  attached  to  the  expedition  of  1872-'73,  who,  at  the  time,  owing 
to  his  constant  service  in  the  interior,  had  but  little  opportunity  to  examine  this  particular  ques- 
tion, has,  during  two  subsequent  visits,  studied  it  quite  thoroughly,* and  finds  but  little  to  change 
in  the  proposed  plan.'' 

If  the  angle  between  the  breakwater  and  the  beach  should  fill  up  "a  further  extension  of  the 
jetty  for  two  or  three  hundred  feet  would  almost  double  the  area  of  deposit,  and  the  harbor  would 
be  preserved  from  the  Shifting  sands  for  a  certain  number  of  years.  The  artificial  beach  thus 
formed  by  the  accumulation  of  sand  may  be  so  shaped  that  it  will  either  be  perpendicular  to  the 
prevailing  winds,  or  so  inclined  to  them  that  the  sand,  instead  of  moving  toward  the  entrance 
of  the  harbor,  will  be  shifted  south  toward  the  Colorado,  when  the  harbor  may  be  considered 
permanently  restored.''  * 

IMPROVEMENT  OF  THE  PACIFIC  TERMINUS.  ' 

"An  artificial  harbor  is  proposed  to  be  made  at  Brito  by  means  of  a  breakwater  and  dredging. 
The  present  harbor  is  formed  by  a  steep  and  rocky  hill,  about  250  feet  high,  projecting  in  a 
southerly  direction  for  about  1,200  feet  from  a  sandy  beach,  lying  southeasterly  for  a  distance  of  2  J 
miles,  and  ending  at  another  range  of  hills  terminating  abruptly  on  the  coast.  At  the  southern 
extremity  of  the  first  hill  a  small  rocky  ledge  extends  into  the  sea,  and  ends  at  18  feet  depth  of 
water  at  low  tide ;  and  from  this  ledge  the  breakwater  will  commence  and  extend  1,200  feet  south- 
easterly, ending  at  30  feet  below  low  water.  A  jetty  500  feet  long  is  also  proposed  in  a  southerly 
direction,  and  nearly  perpendicular  to  the  beach,  to  prevent  the  shifting  of  the  sand  into  the  harbor 
and  as  a  better  protection  from  the  swell.  The  dredging  will  extend  from  the  breakwater  to  the 
tide-loc.k  at  the  entrance  into  the  canal,  and  from  the  jetty  to  the  base  of  the  hill,  comprising  an  area 
of  about  67  acres,  which  is  thought  sufficient  to  meet  the  traffic  of  the  canal,  particularly  if  the  prox- 
imity of  the  lake  is  considered,  where  vessels  can  find  an  ample,  safe,  and  pleasant  anchorage;  and 
should  an  interruption  occur  in  the  navigation  of  the  canal,  the  harbors  of  Nacascola  and 
San  Juan  del  Sur,  from  10  to  12  miles  to  the  south,  could  accommodate  a  large  number  of  ships 
with  perfect  safety.  The  material  to  be  excavated  in  the  harbor  is,  so  far  as  could  be  ascertained 
from  inspection  and  borings  made  at  a  short  distance  from  the  line  of  the  coast,  compact  sahd. 
The  Rio  Grande,  which  now  empties  into  the  sea  at  the  base  of  the  hill,  is  proposed  to  be  diverted 
by  means  of  an  artificial  channel,  and  made  to  discharge  some  distance  to  the  southeast  of  the 
harbor."  t 

4.  The  remaining  objection,  that  the  route  lies  in  a  volcanic  region,  seems  to  be  very  well  dis- 
posed of  by  Mr.  Menocal  in  the  discussion  of  this  point  before  the  American  Geographical  Society. 
He  says,  referring  to  the  ruins  left  by  Walker :        ^ 

'*  They  stand  to-day  just  as  he  left  them,  those,  at  least,  which  were  allowed  to  remain  as  ruins. 
The  houses  were  rebuilt,  but  the  churches  were  not,  and  their  bare,  blackened  walls,  standing 
alone  and  devoid  of  any  support  or  braces,  rise  to  a  height  of,  I  should  say,  40  feet.  I  have  exam- 
ined them  very  carefully,  and  did  not  find  a  crack  in  them.  Spme  of  the  towers  were  partially  blown 
down  then  by  i)owder,  and  look  as  if  they  were  likely  to  tumble  down  at  any  moment.  One, 
especially,  seems  threatening  to  fall  with  the  wind.  Yet  they  stand  there  as  they  have  stood  since 
1854.    These  are  42  miles  from  the  proposed  line  of  the  canal.    In  the  town  of  Eivas,  2^  miles 

*  Menocal  before  American  Geographical  Society.  For  further  information  concerning  Greytown  Harbor,  see 
report  of  Professor  MitcheU,  Appendix. 

t  Report  of  Civil  Engineer  A.  G.  Menocal,  U.  S.  N.,  to  Commander  £.  P.  Lull;  commanding  Nicaragaan  Expedition, 
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from  the  canal,  they  have  many  stone  houses,  and  about  ten  years  ago  they  completed  a  stone 
church  there  which  had  been  building  for  thirty  or  forty  years — one  that  would  be  a  noteworthy 
church  anywhere — and  it  has  never  received  injury  from  earthquake  shocks,  nor  have  the  stone 
houses  about  it,  I  had  occasion  to  show  to  the  United  States  Commissioners  dams  that  had  been 
built  surely  over  one  hundred  years  ago,  and  are  standing  to-day,  though  not  for  any  practical 
purpose,  they  have  never  been  repaired,  yet  manifest  no  imperfections  which  can  be  detected 
by  the  closest  examination.  They  were  built  origiually  for  the  purpose  of  damming  up  water 
to  be  used  in  the  manufacture  of  indigo,  and  were  abandoned,  and  have  been  standing  there  for 
a  hundred  years,  perhaps.  We  saw  a  gentleman  who  lived  close  to  the  dam  near  Bivas,  and  he 
said  it  had  been  there  since  he  was  born— he  was  not  less  than  seventy  years  old — and  before 
his  time,  but  he  could  not  say  how  long,  as  his  father  never  told  him  when  it  was  built.  Yet  it  is 
now  in  the  same  perfect  condition  that  it  was,  presumably,  when  first  built,  with  no  cracking,  no 
imperfections,  and  no  leakage ;  yet  it  has  no  apron,  and  the  water  has  a  sheer  fall  of  15  or  20  feet 
to  its  base.    Its  length  is  75  feet. 

"In  the  town  of  Masaya  they  have  a  tank  or  reservoir  in  connection  with  their  water- works 
which  stores  water  to  a  depth  of  20  feet.  The  thickness  of  the  wall  of  this  tank  at  the  bottom  is 
only  4^  feet,  hardlj^  the  theoretical  thickness  required  for  the  best  possible  construction  of  such  a 
wall,  yet  this  is  built  only  in  the  roughest  way  of  rubble  work,  and  though  it  has  been  in  use  four 
or  five  years,  there  is  not  the  slightest  sign  of  any  imperfection  from  weakness,  earthquakes,  or  any 
other  cause." 

These  references  not  only  show  that  the  locks  and  dams  of  the  canal  will  not  be  affected  by 
earthquakes,  but  that  the  country  furnishes  building  materials  of  a  superior  quality. 

The  advantages  which  the  route  possesses  are: 

1.  It  is  in  a  favorable  geographical  position,  being  in  the  region  of  the  trade  winds,  and  is 
especially  favorable  to  the  United  States. 

2.  A  canal  constructed  here  will  cost  less  than  half  as  much  as  by  any  other  route. 

3.  It  passes  through  a  country  rich  in  resources  and  already  sufficiently  developed  to  subsist 
the  construction  force.  "The  country  in  the  vicinity  of  the  lake  cannot  be  surpassed  in  the  beauty 
of  its  scenery.  The  soil  is  productive  and  its  pastures  abound  in  excellent  cattle.  On  the  west 
side  of  the  lake  the  country  is  thickly  populated,  and  coffee,  sugar-cane,  indigo,  cocoa,  corn,  rice, 
and  all  the  tropical  fruits  are  successfully  and  extensively  raised.  Valuable  woods,  both  for 
constructions  and  cabinet  work  as  well  as  other  materials  for  constructions,  are  abundantly  found 
on  the  mainland  as  well  as  on  the  several  large  islands  in  the  lake."  The  population  is  between 
250,000  and  300,000,  of  which  number  the  majority  are  located  in  the  vicinity  of  the  lake  and 
between  it  and  the  Pacific.  There  is  an  abundance  of  good  stone,  but  it  is  not  suitable  for  dimen- 
sion stone.  It  will  answer  very  well  for  concrete.  There  is  plenty  of  limestone,  and  the  kilns  now 
in  operation  produce  an  excellent  quality  of  lime  suitable  for  hydraulic  works.  Bamboo,  which 
would  be  useful  in  the  works  connected  with  the  restoration  of  Greytown  Harbor,  can  also  be 
obtained  in  the  country. 

4.  It  offers  no  engineering  difl&culties  that  are  not  easy  of  solution  at  a  moderate  expense.  The 
dif&culties  to  be  encountered  are  such  as  are  met  with  and  overcome  in  all  engineering  works  of 
this  kind. 

5.  It  is  a  fresh-water  canal  and  will  perf^m  an  important  office  in  cleaning  the  bottoms  and 
boilers  of  vessels  passing  through. 

6.  It  offers  splendid  facilities  for  dockage  and  repairs  on  Lake  Nicaragua;  and  it  is  not 
improbable  that  Paterson's  grand  scheme  of  establishing  a  distributing  center  for  the  commerce  of 
the  world  may  find  its  realization  on.  the  shores  of  Lake  Nicaragua. 

7.  All  materials  needed  for  the  construction  of  the  canal  are  close  at  hand. 

8.  All  plant  can  be  conveyed  by  water  communication  already  established  and  for  which  no 
royalty  is  to  be  paid.  Between  the  lake  and  the  Pacific  several  passable  roads  exist,  and  whatever 
other  roads  might  be  required  over  this  short  distance  can  be  readily  made  at  inconsiderable  cost. 

9.  The  mean  annual  rainfall  is  comparatively  small.  The  lower  part  of  the  San  Juan  Valley 
has  a  rainfall  of  85  inches,  or  more,  per  annum ;  above  the  mouth  of  the  San  Carlos,  80  inches ; 
and  at  Virgin  Bay,  Lake  Nicaragua,  the  rainfall  does  not,  probably,  exceed  50  inches.    It  is  impos- 


Profiles  of  the  different"  routes  projected  on  the  same  scale  for  the  purpose  of  comparison. 
Vertical  scale,  500  feet  =  1  inch 
Horizontal  scale,  20  miles  =  inch. 
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sible  to  state  exactly  the  limits  of  rainfall  in  e4icli  of  these  sections,  as  no  regular  system  of 
meteorological  observations  from  year  to  year  has  ever  been  maintained.  The  rainfall  at  Virgin 
Bay  during  a  period  of  eight  months,  \yhich  included  the  rainy  season,  was  47.79  inches.  This  was 
the  result  of  observations  taken  during  the  Nicaraguan  expedition  of  1872-'73.  There  is  a  distinct 
dry  season  of  between  iBve  and  six  months  when  work  in  progress  would  not  be  delayed  or  injured, 
and  but  little  interruption  need  be  apprehended  in  the  rainy  season  on  that  portion  of  the  work 
lying  between  the  lake  and  the  Pacific,  as  the  rains  generally  fall  at  night,  with  occasional  showers 
during  the  day. 

10.  The  important  i)hy8ical  feature  of  the  route  is  the  existence  of  Lake  Nicaragua.  It  is  not 
only  capable  of  8ui)plying  twenty  times  the  volume  of  water  which  the  commerce  of  the  world 
would  require  in  the  lockage  of  vessels,  but  receiving  the  drainage  of  10,000  square  miles  of  country, 
distributes  the  flood  waters  of  tliat  area  over  its  superfice  of  2,800  square  miles,  and  thus  relieves 
the  San  Juan  Valley  from  extensive  floods.  The  lake  is  110  miles  long  with  an  average  width  of 
30  miles.  Its  depth,  from  a  point  1 ,200  feet  east  from  the  western  shore  to  within  about  9  miles  of  its 
outlet,  the  San  Juan  Eiver,  is  at  all  points  as  much  as  30  feet,  and  in  some  places  as  much  as  160 
feet.  Its  elevation  above  the  sea  at  high  tide  is  103  feet,  and  at  mean  tide  107.63  feet.  The  rise 
in  the  lake  does  not  exceed  5  feet.  The  San  Juan  River  carries  off,  wheij  the  lake  is  full,  from  12,000 
to  15,000  cubic  feet  of  water  per  second.  The  river  falls  but  2  feet  in  28  miles,  and  then  12  feet  in 
the  following  9  miles.  There  are  two  rivers  emptying  into  the  lake — Rio  Rama  and  Rio  Frio — 
near  its  outlet.  They  are  both  large  streams  and  their  flow  is  generally  parallel  to  the  course  of 
the  San  Juan,  but  in  the  opposite  direction  to  the  flow  of  this  river.  The  result  is  that  the  San 
Juan  has  a  very  small  watershed  and  does  not  receive  a  stream  of  any  magnitude  between  the 
lake  and  the  point  where  the  San  Carlos  enters  it.  The  maximum  rise  of  the  San  Juan  is  between 
4^  and  5  feet.  Its  width  in  the  upper  portions  is  from  1,200  to  1,600  feet ;  near  tjie  dam  the  greatest 
width  is  about  600  feet,  but  it  ha«  here  its  greatest  depth.  In  view,  then,  of  the  conditions  which 
arise  from  the  existence  of  the  lake  and  the  character  of  its  outlet,  it  can  be  positively  stated  that 
there  is  no  route  on  the  American  Isthmus  where  the  natural  surface  drainage  is  under  such 
admirable  regimen  as  in  Nicaragua.  These  natural  conditions  make  it  an  easy  matter  to  provide 
artificial  drainage  when  necessary,  and  it  has  not  been  found  difficult  to  make  provision  for  every 
stream  crossed  by  the  canal. 

11.  It  can  be  easily  demonstrated  that  it  will  be  a  paying  investment,  eVen  at  twice  the  esti- 
mated cost;  and,  that  without  charging  more  than  $2  x)er  ton  toll,  a  yearly  interest  of  at  least  8 
per  cent,  can  be  paid  on  $10(»,000,000. 


CHAPTER    XIV. 

TiiK  Importance  of  tiik  Problem  of  Interoceaxic  Commuj^ication — The  Benefits  which  are  likely  to 
ACCRUE  TO  Commerce  filom  the  Construction  of  an  interoceanic  Ship-Canal — Ross*  Estimate,  showing 
Increase  of  Earnings  in  one  year  By  a  Vessel  using  the  Canal  instead  of  "Horn"  Route — Commer- 
cial .Statistics  bearing  upon  the  probable  Tonnage  which  would  pass  through  the  Canal  in  one 
Year — Collins'  Estimate  of  Gain  in  Time  and  Distance  in  Using  the  Canal. 

An  American  interoceanic  canal  will  bring  tlie  grain  markets  of  Europe  within  easy  distance 
of  the  west  coast  of  the  Americas,  and  the  manufactured  goods  of  our  Eastern  States  within  com- 
petitive distance  of  the  Chinese  markets. 

China  does  not  want  the  products  of  our  soil ;  on  the  other  hand,  she  does  want  our  manufact- 
ures.   Euroi)e  does  not  need  our  manufactures,  but  she  does  need  our  breatlstufls. 

When  the  West  can  land  the  varied  products  of  itsjsoil  in  European  markets  in  thirty  days, 
without  breaking  bulk  and  at  reasonable  rates,  and  the  East,  under  the  same  conditions,  can  land 
the  products  of  its  looms  and  factories  in  the  Orient  in  forty  days,  America,  and  esi>ecially  the 
United  States,  will  have  made  a  giant's  stride  in  prosperity. 

In  1880,  had  the  freights  on  wheat  alone  been  8  cents  less  per  bushel,  $3,300,000  would  have 
been  saved  to  the  Pacific  wheat-growers.  This  amount  and  much  more  is  annually  taken  out  of 
the  country,  for  the  carrying  trade  is  mainly  in  the  hands  of  foreigners. 

The  guano  and  niter  traffic  of  Peru  and  Chili ;  the  ice  tirade  of  the  United  States  and  Canada ; 
the  whale  fisheries  and  the  coasting  trade  of  the  United  States ;  the  coffee,  cochineal,  cocoa,  indigo, 
sugar,  cattle,  India  rubber,  dye  and  cabinet  wood  trades  of  Central  and  South  America,  would  be 
incalculably  benefited.  The  fishing  fleets  of  the  United  States  and  Canada,  now  idle  during  the 
winter,  would  find  profitable  trade  in  coasting  between  the  Atlantic  and  Pacific  coasts.  Consider- 
ing the  existing  industries  alone,  Mr.  Frederick  M.  Kelley  estimated  that,  had  the  canal  been  in 
operation  in  1858,  the  saving  to  the  United  States  would  have  amounted  to  $35,995,930. 

Tlie  substantial  benefits  the  Americas  would  derive  do  not  end  here.  At  whatever  point  on 
the  Isthmus  the  canal  be  cut,  it  must  have  one  terminus  in  the  "  Central  Sea  of  America." 

**The  two  great  arteries  of  the  continent,  the  Mississippi  and  the  Amazon,  fed  by  tributaries 
with  navigable  length  of  channel  more  than  enough  to  encircle  the  globe,  bring  from  their  shores 
the  products  of  every  clime  "  to  the  "Heart  of  the  Ocean." 

The  three  great  outlets  of  American  commerce,  the  Hudson,  the  Mississippi,  and  the  Amazon, 
are  all  within  ten  days'  sail  of  any  isthmian  canal.  Thus  the  United  States  will  distance  England 
in  the  race  for  commercial  supremacy.  For  then,  instead  of  England  meeting  us  in  "India,  China, 
and  our  own  Pacific  coasts  with  the  advantage  of  some  ten  days'  sail,  the  tables  will  be  turned, 
and  we  shall  have  the  advantage  of  some  twenty  or  thirty  days,  thus  making  a  difference  of  thirty 
or  forty  days  under  canvas."  The  Atlantic  and  Gulf  ports  of  America  would  then  be  upon  "  the 
wayside  of  the  great  c^mercial  thoroughfare  to  India  and  China,  and  all  the  markets  of  the 
Pacific." 

This  Isthmus  "is  the  barrier  which  separates  us  from  six  hundred  million  people — three- 
fourths  the  population  of  the  earth.  Break  it  down,  therefore,  and  this  country  is  placed  midway 
between  Europe  and  Asia,  this  sea  becomes  the  center  of  the  world  and  the  focus  of  the  world's 
commerce.  Open  this  as  a  highway,  and  you  will  give  vent  to  commerce,  scope  to  energy,  and 
range  to  enterprise,  which  in  a  few  years  hence  (1848)  will  make  gay  with  steam  and  canvas  parts 
of  the  ocean  which  are  now  unfrequented  and  almost  unknown.  Old  channels  of  trade  will  be 
broken  up,  new  ones  opened.  All  the  elements  of  human  greatness  which  river,  land,  and  sea  can 
afford  are  here  crowded  together.  For  their  full  development  easy  access  to  the  Pacific  is  neces- 
sary." 

The  Atlantic  and  Pacific  must  join  hands  across  the  Isthmus,  for  "the  best  means  to  promote 
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Map  of  the  World,  showing  the  central  position  of  the  American  Lsthmus,  with  reference  to 
the  great  water  surface  of  the  globe,  and  also  the  present  routes  for  sailing  vessels  and  those  that 
would  be  available  if  a  canal  existed. 
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the  interests  of  humanity  is  to  knock  down  thebamers  which  separate  men  and  nations  and  races." 
"War  and  commerce  have  civilized  the  world.  The  time  for  war  has  gone  by;  commerce  alone 
pushes  its  conquests."  "  Progre/SS  and  improvement  are  the  order  of  the  day.  Instead  of  throw- 
ing obstacles  in  the  way  of  commerce,  the  spirit  of  the  age  demands  for  it  every  facility  that  is 
calculated  to  promote  friendly  contact  and  free  intercourse  among  nations." 

The  time  has  arrived,  as  M.  F.  Maury  predicted  thirty-four  years  ago,  when  he  said,  "  Men  will 
come  from  the  four  quarters  to  urge  with  i^urse  and  tongue  the  construction  of  a  ship-canal." 

It  may  not  be  amiss  to  quote  here  some  extracts  from  a  remarkable  pamphlet  written  in  1846, 
by  Louis  Napoleon,  afterwards  Emperor  of  the  French. 

"  The  geographical  position  of  Constantinople  is  such  as  rendered  her  the  queen  of  the  ancient 
world.  Occupying,  as  she  does,  the  central  point  between  Europe,  Asia,  and  Africa,  she  could 
become  the  entrepot  of  the  commerce  of  all  these  countries,  and  obtain  over  them  an  i«>q[iense  pre- 
ponderance; for  in  politics,  as  in  strategy,  a  central  position  always  commands  the  circumference. 
This  is  what  the  proud  city  of  Constantine  could  be,  and  this  is  what  she  is  not,  because,  as  Montes- 
quieu says,  '  God  permitted  that  Turks  should  exist  on  earth,  a  people  most  fit  to  possess  uselessly 
a  great  empire.'  There  exists  in  the  New  World  a  state  as  admirably  situated  as  Constantinople, 
and  we  must  say  up  to  this  time  as  uselessly  occupied.  We  allude  to  the  State  of  Nicaragua.  As 
Constantinople  is  the  center  of  the  ancient  world,  so  is  the  town  of  Leon,  or  rather  of  Massaqua,  the 
center  of  the  new,  and  if  the  tongue  of  land  which  separates  its  two  lakes  from  the 'Pacific  ocean 
were  cut  through,  she  would  command  by  virtue  of  her  central  position  the  entire  coast  of  North 
and  South  America.  The  State  of  Nicaragua  can  become  better  than  Constantinople  the  necessary 
route  of  the  great  commerce  of  the  world,  and  is  destined  to  attain  an  extraordinary  degree  of  pros- 
perity and  grandeur. 

*' France,  England,  and  Holland  have  a  great  commercial  interest  in  the  establishment  of  a 
communication  between  the  two  oceans,  but  England  has,  more  than  the  other  powers,  a  political 
interest  in  the  execution  of  this  project.  England  will  see  with  iMeasure  Central  America  becoming 
a  i)owerful  and  flourishing  state,  which  will  establish  a  balance  of  power  by  creating  in  Spanish 
America  a  new  center  of  active  enterprise,  powerful  enough  to  give  rise  to  a  great  feeling  of  nation- 
ality  and  to  prevent,  by  backing  Mexico,  any  further  encroachments  from  the  northJ^ 

Moreover,  the  American  interoceanic  canal  antagonizes  neither  Suez  nor  the  great  transcon- 
tinental railways. 

'*  The  great  lines  of  commercial  intercourse  and  civilization  are  distinct,  and  therefore  invite  no 
prejudicial  rivalry  between  the  two — the  eastern  and  the  western  isthmus  ship  canals.  The  Suez 
Canal  is  the  opened  gate  for  the  inland  sea  route  of  Europe  and  North  Africa  with  Southern  Asia 
and  its  archipelago.  The  canal  through  the  American  isthmus  would  invite  the  commerce  of 
Europe  with  our  own  commerce  to  the  whole  of  the  western  coast  of  the  Americas,  to  Northern 
China  and  Japan,  and  southwardly  to  the  Australian  continent." 

As  the  canal  would  benefit  the  Pacific  coast  more  than  any  iiart  of  our  Union,  a  most  rapid 
and  material  increase,  both  in  i)opulation  and  riches,  is  to  be  expected  there.  It  is  to  the  manifest 
interest  of  railways  to  fi>vor  the  most  economic  means  of  transporting  those  bulky  products  of  the 
soil  which  they  cannot  transport  without  a  commercial  loss.  For  by  thus  promoting  the  increase 
of  these  industries,  they  gain  their  recompense  in  the  increased  travel  and  the  light  valuable 
freights  which  the  increased  necessities  of  a  larger  and  a  richer  population  require.  In  considering 
this  question  it  would  be  well  to  bear  in  mind  that  the  cereals  of  the  West  cannot  be  brought  com- 
petitively into  European  markets  by  rail,  and  it  may  not  be  amiss  to  point  to  the  fact  that  the 
wonderful  growth  in  wealth  and  population  of  the  Mississippi  Valley  is  the  result  of  that  continued 
cheapening  of  transportation  arising  from  improvement-s  by  land  and  competition  by  water. 

To  demonstrate  the'  practical  benefits  to  be  derived  by  owners  of  vessels  using  a  canal  through 
the  American  Isthmus,  the  following  letter  is  presented : 

"New  York,  March  16,  1880, 

'^Dear  Sir  :  Referring  again  to  your  letter  of  the  13th  ultimo,  I  note  the  question  you  raise  in 
relation  to  a  canal  across  the  Isthmus,  viz,  ^the  ditference  in  time  of  transit  and  the  excessive 
dangei^s  via  Cape  Horn.' 
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^'Both  these  assertions  must  be  conceded,^hough  some  ship-owners  state  that  the  captains  are 
now  so  familiar  with  the  '^Horn'^  voyage  that  a<^tual  losses  are  less  than  in  former  years. 

**The  actaal  voyage  of  a  vessel,  with  the  practical  figures,  compared  with  a  possible  voyage  via 
the  Isthmus,  should  give  us  an  approximation  to  the  actual  result.  I  will  venture  to  present  a  few 
figures,  leaving  to  others  the  detection  of  errors. 

"Suppose  a  sailing-vessel  commences  to  load  in  New  York  January  1  for  the  voyage  around 
Cape  Horn  to  San  Francisco,  vessel  worth  $60,000.  She  sails  February  1,  and  arrives  in  San 
Francisco  June  1.  She  is  six  weeks  discharging  and  loading  cargo  of  California  wheat  for  Liver- 
pool, leaving  San  Francisco  July  15,  arriving  in  Liverpool  November  16,  where  she  discharges  and 
proceeds  in  ballast  to  New  York,  arriving  there  about  December  31,  a  year's  business  completed. 

"We  will  estimate  that  the  owners  of  the  ship  realize  $8.50  net  per  ton  on  the  voyage  from  New 
York  to  ^n  Francisco,  and  this  amount  will  be  collected  when  the  cargo  is  delivered  in  San 
Francisco,  the  average  date  of  collection  in  this  instance  being : 

June  15.  Ship  2,000  tons,  at  $8.50  net. $17, 000  00 

Interest  on  above  at  5  per  cent,  per  annum  from  Juno  15  to  December  31.  460  39 
July  15.  Leaving  San  Francisco  for  Liverpool  with  2,000  tons  of  Cali- 
fornia wheat,  at  $13  net  per  ton 26, 000  00 

And  this  freight  money  is  collected — 

December  1.  Interest  at  5  per  cent,  per  annum  to  December  31 108  33 


%• 


December  31.  Arrives  in  New  York 43, 568  72 

Deduct  one  year's  insurance  upon  ship,  valued  at  $60,000,  at  6  per  cent. 

net .' 3,600  00 

Received  by  owners,  one  year's  business.  Cape  Horn  route 39, 968  72 

"Let  us  estimate  for  one  year's  business  by  the  *  canal'  route.  Had  the  Isthmus  canal  been 
open  on  the  above  1st  day  of  January,  then  the  same  ship  advertising  for  San  Francisco  by  that 
route  would  realize  more  freight  money  for  her  owners ;  thus,  leaving  New  York  February  1,  as 
l)efore,  and  arriving  in  San  Francisco  Aijril  1,  making  the  trip  in  sixty  days,  freight  will  be  col- 
lected upon  the  delivery  of  the  cargo,  about — 

April  15.  Ship  2,000  tons,  at  $12.50  net  per  ton,  or  $25,000,  less  $6,000 

paid  as  toll  to  the  canal $19,000  00 

Ai)ril  15.  Interest  on  above  at  5  per  cent,  per  annum  to  December  31  . . .  672  86 

May  15.  Leaving  San  Francisco  for  Liverpool  with  2,000  tons  California 
wheat,  at  $15  per  ton  net,  or  $30,000,  less  $6,000  paid  as  toll  to  the 
canal 24, 000  00 

Arriving  in  Liverpool  July  15,  where  the  freight-money  is  collected,  about — 

April  1.  Interest  on  above  at  5  per  cent,  per  annum  to  December  31 500  00 

Leaving  Liverpool,  ship  proceeds  to  New  York  in  ballast,  where  she  agaiii 
takes  in  cargo  for  San  Francisco,  sailing  October  15  with  2,000  tons 
of  cargo,  at  $12.50  net  per  ton,  or  $25,000,  less  $6,000  paid  as  toll  to 
the  canal 19,000  00 

Arriving  in  San  Francisco,  where  freight- money  is  collected,  December  31 .  63, 172  86 
Although  the  vessel  sails  through  the  canal,  the  risk  of  one  more  voyage 
must  be  taken  into  account,  and  the  charge  for  insurance  on  the  ship 
will  be  the  same  as  for  the  '  Horn '  voyage,  $60,000,  at  6  per  cent, 
net,  $3,600,  and  as  the  ship  enters  one  more  port  during  the  year  we 
add,  for  expenses,  $3,000,  making  together 6, 600  00 

Received  by  owners  of  ship,  <  canal '  route,  one  year 50^  572  86 

Received  by  owners  of  ship,  '  Horn'  route,  one  year 39, 968  72 

Gain  by  using  canal  route,  vessel  2^000  tons ' 16, 604  14 
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"This  is  over  27.5  per  cent,  in  favor  of  the  Isthmus  Canal. 

"It  may  at  first  appear  that  we  should  charge  the  wages  of  both  oflBcors  and  men,  but  it  would 
not  alter  the  result,  since  the  vessel  is  at  sea  two  hundred  and  ten  days  during  the  year  when  sail- 
ing through  the  canal,  and  two  hundred  and  seventy  days  in  the  'Horn'  voyage;  but  should  we 
make  the  charge  it  would  simply  increase  the  gain  of  the  canal  route. 

"The  greater  wear  and  tear  of  the  voyage  via  Cape  Horn  has  not  been  taken  into  account,  and 
certainly  that,  with  the  excessive  toll  of  $3  per  ton  charged,  and  the  $3,000  port  expenses,  will 
more  than  compensate  for  any  advantages  which  can  be  claimed  for  the  ^Horn'  route. 

"Should  an  objector  claim  that  one  hundred  and  twenty  days  for  one  route  and  sixty  days  for 
the  other  may  not  be  in  all  cases  correct,  we  would  point- out  that  if  the  number  of  days  is 
increased  or  decreased  in  one  estimate  it  may  be  correspondingly  changed  in  the  other. 

"Although  a  vessel  from  New  York  to  San  Francisco  on  the  *  Horn'  voyage  may  sail  over  a 
line  less  than  14,000  miles  long,  she  probablj;  will  traverse  a  line  between  17,000  and  18,000  miles 
long.  In  the  same  way  a  vessel  passing  through  the  canal  may  sail  to  San  Francisco  along  a  line 
of  6,000  miles,  but  she  would  probably  cover  9,000  miles  in  the  trip. 

"It  will  be  observed  that  160  miles  a  day  for  sixty  days  gives  9,000  miles  for  the  *  canal,'  and 
150  miles  per  day  for  one  hundred  and  twenty  days  gives  18,000  miles  for  the  ^  Horn.' 

"A  few  days  more  or  less  in  either  estimate  cannot  materially  alter  the  27.5  per  cent,  of  result. 
But  even  jf  the  voyages  are  longer,  and  receipts  do  not  all  fall  within  the  limits  of  one  year,  let 
us  throw  off  7.6  of  our  27.5  per  cent,  and  we  still  have  20  per  cent,  remaining  on  $60,000,  or  a 
gain  for  the  ship-owner  of  $12,000  by  using  the  canal  route  instead  of  that  via  Cape  Horn.  But 
had  our  estimates  shown  that  neither  route  could  claim  a  preference  on  account  of  any  consider- 
able gain  or  difference,  still  the  ship-owner  would  quickly  select  the  route  which  would,  in  the 
least  time,  bring  his  vessel  to  her  destination  with  the  least  danger  of  strain  or  injury. 

"It  seems  to  me  from  a  cursory  examination  of  the  map  that  a  portion  of  the  sailing  tonnage 
of  Europe,  trading  with  China,  Japau,  Philippine  Islands,  Borneo,  New  Ouinea,  Australia,  and 
possibly  Java  and  Sumatra,  would  pass  through  our  Isthmus  Canal ;  but  to  arrive  at  any  satis- 
factory result  the  actual  sailing  lines  of  vessels  around  the  Cape  of  Good  Hope,  together  with 
the  ocean  and  air  currents,  with  the  dangers  of  the  various  seas,  are  all  to  be  carefully  considered 
and  balanced. 

"That  a  canal  through  the  American  Isthmus  will  greatly  benefit  our  people,  particularly  on 

the  Pacific  coast,  and  revive  our  merchant  marine,  I  steadfastly  believe ;  and  if  it  were  possible 

that  iron  in  the  future  could  remain  high  in  price,  our  people  would  commence  the  building  of  large 

wooden  vessels,  fitted  with  screw  machinery  to  propel  them  at  a  low  rate  of  speed,  for  freight 

purposes  only. 

•  #  #  #  #  •  #• 

"Very  truly  yours, 

"ARTHUR  B.  ROSS. 
"Prof.  J.  E.  NouBSE, 

^^Naval  Observatory^  Washington.^ 

The  rate  of  toll  used  in  the  above  estimate  ($3  per  ton)  is  that  which  M.  Lesseps  advertises  in 
a  circular  addressed  to  the  public  in  the  winter  of  1880.  This  rate  does  not  appear  excessive  when 
applied  to  the  tonnage  capacity  of  a  vessel,  as  shown  by  the  above  estimate,  but  when  applied  as 
M.  Lesseps  is  authorized  to  use  it  by  the  concession  which  he  holds,  it  becomes  an  instrument  of 
extortfon.  In  regard  to  this  point  the  Lesseps  circular  is  clearly  misleading,  as  is  shown  by  the 
application  of  the  rate  which  Mr.  Ross  makes  to  the  tonnage  capacity  of  a  vessel.  With  nothing  to 
indicate  an  unusual  method  of  arriving  at  the  gross  amount  of  toll,  Mr.  Ross  applies  the  rate  to 
the  number  of  tons  of  freight  which  the  vessel  carries ;  but  M.  Lesseps  gets  his  tons,  not  from  the 
freight  but  from  a  different  source,  and  by  this  means  increases  the  range  of  toll  to  nearly  three 
times  the  indicated  rate.  This  is  done  by  computing  the  number  of  tons  contained  in  the  paral- 
}elopiped  determined  by  the  lines  of  greatest  length,  greatest  breadth,  and  greatest  depth  of  the 
immersed  hull  of  the  vessel,  a  cubic  meter  being  regarded  equal  to  a  ton.  Port  charges,  pilotage, 
wharfage,  light  house  dues,  &c.,  are  all  determined  by  the  same  measurements. 

The  handsome  increase  of  revenue  shown  by  thealTove  estimate  would,  therefore,  be  decreased 
H.  Ex.  107 18 


138     mTEROOEANIC  COMMUNICATION  BY  WAY  OF  AMERICAN  ISTHMUS. 

by  M.  Lesseps  to  an  amount  that  would  just  make  it  pay  the  merchant  to  use  the  canal.  The  ship 
estimated  upon  pays  $18,000  for  the  three  trips  which  she  makes.  M.  Lesseps'  toll  for  a  corre- 
sponding number  of  trips  could  range  as  high  as  $54,000. 

In  the  report  of  the  executive  committee  to  the  members  of  the  Provisional  Society  of  the 
<^  Nicaragua  Ship  Canal  Company,''  the  application  of  the  rate  of  toll  is  to  the  tonnage  capacity  of 
the  vessel.  Introducing  the  rates  of  toll  therein  considered  ample  to  secure  a  paying  investment 
to  capital,  in  the  estimates  of  Mr.  Boss,  there  is  a  still  better  showing  for  a  year's  work.  Mr.  Boss's 
estimate  at  $3  per  ton  gives  a  gain  of  27.5  per  cent,  on  the  $60,000  invested=$16,604.14.  In  the 
report  referred  to  it  is  assumed  that  a  charge  of  $2.50  per  ton,  including  canal  tolls  and  all  other 
charges,  would  be  the  maximum  rate  for  a  minimum  of  business,  while  with  a  business  not  beyond 
that  estimated  for  the  Panama  scheme  the  maximum  charge  of  $1.50  per  ton  would  pay  the 
investors  10  per  cent. 

Using  these  rates  in  the  estimate,  it  will  be  seeiythat  at  a  charge  of  $2.50  per  ton  there  would 
be  a  gain  of  32.5  per  cent.,  or  $19,604.14 ;  while  with  the  lower  rate  of  $1.50,  the  gain  would  be  42.5 
per  cent,  or  $25,604.14.  An  average  of  the  above  rates  would  be  $2.33,  which  would  amount  to  a 
gain  of  34.3  per  cent.,  or  $20,604.14.  By  still  further  reducing  the  percentage  by  9.3  (Mr.  Boss 
rejects  7.5)  there  remains  a  gain  of  25  per  cent.,  or  the  sum  of  $18,687.97.  This  illustrates,  in  a 
practical  way,  that  the  canal  would  prove  remunerative  not  only  to  those  who  control  it  but  to 
those  who  use  it  as  well. 

Various  estimates  of  the  amount  of  tonnage  that  would  use  the  canal  have  been  made : 

Estimated  tons. 

Dr.  Ijong,  American  consul  at  Panama 3, 000, 000 

Admiral  Amnien 3,  762,  000 

San  Francisco  Boaixl  of  Trade 5, 000,  000 

S.  L.  Phelps,  on  data  furnished  by  Bureau  of  Statistics 2, 938, 386 

Beport  of  executive  committee  to  Provisional  Society  of  Nicai*agua  Ship 

Canal  Company 3,  706, 426 

T.C.Clarke.!   3,000,000 

Admiral  C.  H.  Davis,  U.  S.  N 4,  000, 000 

MM.  de  Lesseps  and  Levasseur 6, 000, 000 

Beport  of  Secretary  of  Treasury  to  the  House  of  Bepresentatives,  in  1872, 

places  the  tonnage  at 2,834,786 

34, 241, 598 
Mea  n 3, 804, 622 

The  tonnage  of  the  world  in  1870  amounted  to  17,963,293  tons,  and  in  1879,  to  20,395,815  tons. 
These  amounts  were  made  up  by  steam  and  sail  tonnage  as  follows: 


Years. 

Steam. 

SaU. 

i 
1870 

Tont. 
2, 466, 498 
4,366,221 

Tont. 
15,496,795 
16, 029, 594 

1870 

Gaiii  in  nine  years..; 

1,890,723 

532,799 

From  this  it  will  be  seen  that  while  the  sailing  tonnage  has  actually  increased,  it  has  not  done 
so  at  a  rate  to  compare  with  the  increase  of  the  steam  tonnage,  which  has  been  facilitated  by  many 
causes,  prominent  among  which  was  the  opening  of  the  Suez  Canal.  Sailing  vessels  cannot  use 
this  canal  to  advantage;  hence  the  increased  commerce  resulting  from  its  construction  has  called 
into  existence  much  of  the  increased  steam-tonnage.  It  is  very  probable  that  in  the  event  of  the 
opening  of  a  canal  by  way  of  Nicaragua  the  sailing  tonnage  would  increase  at  a  remarkably  rapid 
rate,  as  this  route,  lies  in  a  region  which  is  highly  favorable  to  sailing  vessels. 

The  two  following  tables  will  show  the  enormous  gain  in  time  and  distance  by  using  a  route  as 
unfavorably  situated  as  the  Atrato-Napipi.  For  the  relative  gain  in  time  and  distance  by  way  of 
Panama  and  Nicaragua,  see  Lieutenant  CoUins's  estimate  in  Appendix  A. 
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Many  qaotattons  and  facts  in  this  chapter  have  been  taken  from  a  remarkable  letter  by  Lieut. 
M.  F.  Maury  to  the  Hon.  J.  A.  Rockwell,  M.  C,  on  the  subject  of  the  Panama  Railway  and  inter- 
oceanic  communication  by  ship-canal.    The  letter  is  given  in  full  in  Appendix  B. 

Table  showing  the  probable  gain  in  distance  and  time  to  be  effected  for  sailing  ships  to  and  from  the 
port  of  Kew  York  by  a  ship-canal  across  the  Isthmus  of  Darien,  over  the  route  surveyed  by  Com- 
mander T,  O.  SelfridgCj  U.  8.  N. 

fPreparad  by  Lieat.  Frederick  Collins,  F.  S.  N.] 


From— 


By  present  route. 


To— 


'  •  ^A  * 


New  York. 

Do 

Do 

UO  •  ••  •  • 

Do 

Do 

Do  ..... 

Do 

Do 

Do 

Hong-Kong 
Shanghai  .. 

Yokohama i — do 

..  do 
..do 
...do 
...do 
...do 
...do 


Ronte. 


Hong-Kong Via  Cape  of  Good  Hope 

Shanghai ...'do 

Yokohama i — do 

ManiU j....do 

Batavia ' do 

Sydney 

Valparaiso 

Callao 


Honolulu 

San  Francisco. 

New  York 

..do 


Manila 

Sydney 

Valparaiso 

Callao 

Honolulu 

San  Francisco. 


..do : 

Via  Cape  Horn 

...do 

...do 

..do 

Via  Cape  of  Good  Hope. 

..do  ., 

...do 

..do 

Via  Cape  Horn 

...do 

...do 

..  do 

...do 


Distance. 

MilM. 
14, 930 
15,200 
15,<750 
13,700 
12, 170 
13,220 

9,760 
11,100 
14,500 
14,840 
14,060 
16.000 
16,070 
14, 010 
13, 410 

9,780 
11,120 
15,760 
14,970 


Days. 


110 
115 
119 
108 
105 
105 

90 
105 
121 
130 
110 
113 
114 
109 
110 

90 
100 
110 
125 


Via  canal. 


Distance. 

MiU». 

12,480 

12,200 

11,550 

12,260 

13, 425 

10,480 

fi.510 

6,710 

7,400 

7,470 

11,875 

11, 305 

10,370 

12,035 

10,390 

4,065 

3,690 

8,055 

5,980 


Days. 


83 
81 
79 
80 
87 
75 
52 
53 
54 
58 
87 
80 
77 
88 
70 
42 
32 
63 
50 


Gain. 


Distance.     Days. 


MUes. 
2,450 
3,000 
4,200 
1,440 


2,740 
3,250 
4,390 
7,1P0 
7,370 
2,785 
4,695 
5,700 
1,975 
3,020 
4,815 
7,430 
7.705 
8,990 


27 
34 
40 
28 
18 
30 
38 
52 
67 
72 
23 
33 
37 
21 
40 
48 
68 
47 
75 


NoTK.— The  distance  by  present  ronte  are  in  nautical  miles,  measured  on  the  routes  now  generally  pursue<l ;  the  times  are  actual  aver 
ages  obtained  from  various  reliable  sources. 

Tal)le  sho icing  times  and  distances  by  steamer  routes, 

[Prepared  by  Lieut.  Frederick  Collins,  U.  S.  N.  1 


From— 


\ 


To- 


Distance. 


Days. 


Sydney  

Hong-Kong 

Manila 

Shanghai . . . 
Yokohama . 


Cupica 

Do 

Do 

Do 

Do 

Do I  Honolulu 

Do-. ;  Batavia.. 

Sydney !  Cupica... 

Hong-Kong do  . . 

Do ' do  .. 

Manila do  ., 


Do 

Yokohama. 

Do 

Honolulu  . 
Batavia 


.do 

do 

do 

do 

.do 


7,670 
9,865 
9, 705 
9,305 
8,375 
4,855 

10,700 
7,670 
9,820 
9,435 

10,410 

10,025 
8,310 
7,825 
5,000 

10,820 


30.0 

37.0 

37.0 

36.0 

33.0 

18.5 

41.0 

32.0 

38.0 

36.5 

41.0 

sao 

33.0 

30.0 

19.0 

44.0 

Note.— For  times  and  distances  from  New  York  add  2,200  miles  and  11  days;  for  times  and  distances  to  New  York  add  2,200  miles 
and  11  days. 
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APPENDIX   A. 


REPORT  OF  THE  UNITED  STATES  INTEROCEANIC  CANAL  COMMISSION. 

Washington  City,  February  7,  1»76. 
To  the  PreHdent  of  the  United  States: 

The  commissioD  appointed  by  you  to  consider  the  subject  of  communication  by  canal  between  the  waters  of  the 
Atlantic  and  Pacific  Oceans  across,  over,  or  near  the  isthmus  connecting  North  and  Sonth  America,  have  the  honor, 
after  a  long,  careful,  and  minute  study  of  the  several  surveys  of  the  various  routes  across  the  continent,  unanimously 
to  report: 

1.  That  the  route  known  as  the  ''Nicaragua  route,''  beginuiug  on  the  Atlantic  side,  at  of  near  Grey  town ;  running 
by  canal  to  the  San  Juan  River;  thence  following  its  left  bank  to  the  mouth  of  the  San  Carlos  River,  at  which  point 
navigation  of  the  San  Juan  River  begins,  and  by  the  aid  of  three  short  canals  of  an  aggregate  length  of  3.5  miles 
reaches  Lake  Nicaragua;  from  thence  across  the  lake  and  through  the  valleys  of  the  Rio  del  Medio  and  the  Rio  Grande 
to  what  is  known  as  the  port  of  Brito,  on  the  Pacific  coast,  possesses,  both  for  the  construction  and  maintenance  of  a 
canal,  greater  advantages  and  offers  fewer  difficulties  from  engineering,  commercial,  and  economic  points  of  view 
than  any  one  of  the  other  routes  shown  to  be  practicable  by  surveys  sufficiently  in  detail  to  enable  a  judgment  to  be 
formed  of  their  relative  merits,  as  will  be  briefly  presented  in  the  appended  memorandum. 

The  data  for  the  conclusions  of  the  commission  will  be  found  in  the  reports  of  the  various  surveys  and  examina- 
tions made  under  the  direction  and  auspices  of  the  Navy  Department,  copies  of  which  are  transmitted  herewith. 

A  statement  relating  to  these  surveys  and  examinations,  with  a  brief  account  of  the  characteristic  features  of 
the  routes,  will  be  found  in  the  accompanying  memorandum  prepared  by  the  commission. 
We  have  the  honor  to  be,  with  high  respect,  your  obedient  servants, 

ANDREW  A,  HUMPHREYS, 
Brigadier- General  J  Chief  of  Engineers,  U,  S,  A,,  j'c, 

C.  P.  PATTERSON, 
Superintendent  United  States  Coast  Survey. 
DAN'L  AMMEN, 
Commodore^  and  Chief  of  the  Bureau  of  Navigation. 


ACCOMPANYING  MEMORANDUM. 

At  the  time  of  the  appointment  of  the  commission  various  surveys  for  an  interoceanio  ship-canal  across  this 
continent  had  been  made  by  different  parties,  and  others  were  in  progress  under  the  Navy  Department.  No  formal 
meeting  occurred  until  the  surveys  in  progress  were  completed  and  their  results  presented  in  the  shape  of  reports, 
maps,  t^nd  plans,  upon  the  routes  which,  as  presented,  appeared  the  most  practicable. 

On  the  fifth  day  of  February,  1874,  a  sitting  was  held ;  general  information  bearing  upon  the  subject  was  dis- 
cussed, as  well  as  that  derived  from  the  recent  surveys  made  under  the  Navy  Department,  as  far  as  then  executed. 

Captain  Shufeldt  and  Commanders  T.  O^  Selfridge  and  E.  P.  Lull,  of  the  Navy,  were  invited  and  appeared  before 
the  commission  for  the  purpose  of  making  verbal  explanations  relating  to  the  different  surveys  of  which  they  had 
charge.  Capt.  R.  W.  Shufeldt  had  charge  of  those  of  the  Isthmus  of  Tehuantepec ;  Commander  T.  O.  Selfridge  of 
those  including  the  San  Bias  and  Chepo  route,  and  all  lying  south  and  east  of  that  line;  and  Commander  £.  P.  Lull 
of  those  via  the  Nicaragua  Lake,  and  afterward  of  those  on  the  Isthmus  of  Panama,  as  will  be  mentioned  hereafter. 

It  was  agreed  to  take  up  the  discussion  of  the  routes  from  the  north  toward  the  south,  and  to  request  the  assign- 
ment of  Army  engineers  for  the  purpose  of  passing  over  and  making  a  personal  examination  of  the  relative  practica- 
bility of  two  of  the  proposed  routes,  and  also  to  examine  and  report  upon  whatever  related  practically  to  the  execution 
of  the  works. 

The  commission,  therefore,  asked  the  aid  of  the  honorable  Secretary  of  the  Navy,  who  kindly  supplied  the  neces- 
sary facilities  for  the  desired  examination  through  our  naval  vessels ;  the  proper  officers  who  had  been  engaged  on 
those  surveys  were  also  detailed  to  facilitate  the  examination,  and  several  civil  engineers  were  invited  to  accompany 
the  parties  and  to  report  their  views  after  personal  inspection. 

By  request  of  the  commission,  M^j.  Walter  McFarland  and  Capt.  W.  H.  Heuer,  United  States  Engineers,  and 
Prof.  Henry  Mitchell,  of  the  United  States  Coast  Survey,  made  the  personal  examination  desired,  accompanied  by 
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General  Jacob  Ammen  and  Civil  Engineer  D.  S.  Walton,  whoae  obseryations  and  services  were  not  the  less  valued  or 
appreciated  because  they  were  honorary. 

The  reports  made  by  the  gentlemen  are  herewith  appended. 

A  discussion  of  the  Nicaragua  and  Atrato-Napipi  routes,  after  the  receipt  of  the  preliminary  reports  of  these 
gentlemen,  induced  the  commission  to  ask  a  close  instrumental  survey  on  the  Isthmus  of  Panama.  *This  was  rendered 
further  desirable  by  surveys  that  were,  said  to  have  been  made,  the  reports  of  which  had  been  asked  for  of  those  con- 
cerned and  best  informed  without  obtaining  definite  information.  The  commission  has  to  express  its  obligations  for 
the  prompt  and  efficient  manner  in  which  the  honorable  Secretary  of  the  Navy  caused  this  survey  to  be  made  by 
Commander  £.  P.  Lull,  U.  S.  N.,  a  corps  of  Junior  officers,  and  Civil  Engineer  A.  G.  Menocal,  U.  S.  N.,  and  also  for 
the  actual  line  of  location  of  the  Atrato-Napipi  route,  and  other  information,  by  Lieut.  F.  Collins,  U.  S.  N.,  and 
party,  who  had  previously  been  under  the  command  of  Commander  T.  O.  8elfridge.  In  this  manner  the  collection  of 
information  was  completed  as  deemed  necessary  for  a  decision  upon  the  subject.  The  commission  is  pleased  to  recog- 
nize the  laborious  works,  conducted  through  a  series  of  years,  by  naval  officers,  under  the  instructions  of  the  Navy 
Department,  on  a  field  of  operations  extending  over  large  tracts  of  territory,  and  believed  to  preclude  the  existence 
of  as  favorable  lines  for  the  construction  of  an  interoceanic  ship-canal  as  those  herein  particularly  presented  for  con- 
sideration. 

#  •  •  #  # .  '  #  # 
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A  COMPARISON  OF  THE  PANAMA  AND  NICARAGUA  ROUTES,  SHOWING   THE  GAIN  IN  TIME  BY  A 

SAILING  VESSEL  USING  THE  LATTER. 

By  Lieut.  Frederick  Collins,  U.  S.  N. 

STATEMENT  OF  UEUT.  FREDERICK  COLLINS,  U.  S.  N.,  BEFORE  THE  SEI^CT  COMMITTEE  OF  THE  HOUSE  OF  REPRESENTA- 
TIVES  ON  THE  INTEROCEANIC  CANAL.  ^ 

Washington,  D.  C,  February  28,  1880. 
[Lieut.  Frederick  ColliDs,  U.  S.  N.,  read  the  following  on  a  comparison  of  the  effects  of  the  winds  and  currents 
of  the  Pacific  Ocean  upon  the  routes  of  sailing  vessels  to  and  from  the  western  termini  of  the  proposed  interoceanlo 
ship-canals  at  Nicaragua  and  Panama:] 

The  unfavorable  character  of  the  prevailing  winds  and  currents  of  the  Pacific  Ocean  in  the  vicinity  of  the  west 
coast  of  Intertropical  America  for  navigation  by  sailing  vessels  has  long  been  known,  and,  in  connection  with  the 
interoceanic  canal  projects,  it  is  frequently  commented  upon  as  a  disadvantage  of  the  Panama  route. 

The  subject  seems  to  be  very  imperfectly  understood  by  the  public  at  large,  and  many  misconceptions  and 
exaggerated  notions  are  prevalent  concerning  it.  No  less  person  than  Lieutenant  Maury,  ''the  father  of  the  physical 
geography  of  the  sea,''  is  said  to  have  proclaimed  that  even  if  the  Isthmus  of  Panama  were  to  be  divided  by  a  con- 
vulsion of  nature,  it  could  never  become  a  highway  for  sailing  vessels  on  account  of  these  unfavorable  winds,  calms, 
and  currents. 

I  could  hardly  venture  to  question  the  opinion  of  bo  eminent  an  authority  as  Lieutenant  Maury  on  this  subject, 
but  I  think  it  safe  to  say  that,  if  we  wish  to  consider  the  question  candidly  and  fairly,  we  will  find  that  this  dictum, 
like  most  other  sweeping  assertions,  can  be  accepted  only  with  reservations  and  qualifications.  * 

It  is  certainly  true  that  the  prevailing  meteorological  conditions  and  oceanic  currents  in  the  vicinity  of  the 
west  coast  of  the  Isthmus  of  Panama  are  exceedingly  unfavorable  for  either  the  approach  or  departure  of  sailing 
vessels.  Still,  it  required  something  of  a  stretch  of  the  imagination  to  believe  that  they  can  be  so  unfavorable  to 
induce  vessels  to  brave  the  stormy  passage  around  Cape  Horn  in  preference  to  going  by  way  of  the  Isthmus,  should 
nature  or  man  provide  a  gateway. 

In  1872, 1  had  occasion,  under  directions  from  the  Bureau  of  Navigation,  to  make  a  close  examination  of  this 
subject,  the  results  of  which  were  published  in  Commander  Selfridge's  report  of  his  surveys  on  the  Isthmus.  As  a 
result  of  these  investigations,  I  was  led  to  conclude  that,  comparatively  speaking,  no  great  difficulty  need  be  experi- 
enced in  getting  from  the  vicinity  of  the  Bay  of  Panama  to  a  place  where  good  winds  might  be  found.  A  consider- 
able detour  from  the  most  direct  route  would  be  necessary  in  most  cases,  it  is  true,  but  a  careful  computation  gave 
only  ten  days  as  the  average  time  that  would  be  consumed  in  getting  a  sufficient  offing  to  secure  good  winds,  provided 
the  correct  route  was  pursued. 

Now,  ten  days  can  hardly  be  considered  a  sufficiently  formidable  loss  of  time  to  preclude  the  use  of  the  Isthmus 
route  by  sailing  vessels,  were  it  open.  Indeed,  in  comparison  of  the  time  that  would  be  saved  on  most  voyages,  ten 
days  are  a  bagatelle.  But  if  ten  days  can  be  saved  by  one  isthmus  route  that  must  be  lost  by  another,  then  it  becomes 
a  matter  of  vital  interest.  And  if  in  the  comparison  of  two  routes  it  can  be  demonstrated  that  one  of  them  will  bring 
our  east  and  west  coasts  nearer  by  ten  days  than  another,  it  appears  to  me  that  this  fact  alone  would  be  sufficient  to 
decide  us  in  our  choice. 

I  propose  now  to  demonstrate,  beyond  the  possibility  of  denial,  by  a  consideration  of  the  winds  and  currents  of 
the  Pacific  Ocean,  that  the  Nicaraguan  rout«  will  give  even  a  greater  gain  than  that  as  compared  with  Panama  or  any 
route  south  of  Panama  on  a  voyage  from  New  York  or  New  Orleans  to  San  Francisco.  [A  diagram  showing  the  wind 
and  calm  regions  of  the  Pacific  in  the  vicinity  of  the  west  coast  of  Central  America  and  the  United  States,  as  well  as 
the  routes  froni  Panama  and  Nicaragua  to  San  Francisco,  was  here  exhibited  to  the  committee  and  explained  by 
Lieutenant  Collins.] 

After  this  explanation  we  can  understand  why  it  was  that  Lieutenant  Maury,  writing  in  1854  of  the  passage  from 
Panama  to  San  Francisco  under  sail,  said  that,  as  then  made,  it  was  **  one  of  the  most  tedious,  uncertain,  and  vexatious 
known  to  navigators;"  and  that  the  voyage  from  Valparaiso  to  California  was  shorter  in  point  of  time  than  that  from 
Panama,  although  the  latter,  as  regards  distance,  was  not  half  so  long  as  the  former.  At  that  time  the  practice  was 
either  to  keep  up  along  close  to  the  coast  or  stand  out  Vest  from  Panama  until  the  northeast  trades  were  reached. 
Both  were  wrong  and  resulted  in  long  passages.  In  1854  an  officer  of  the  Navy,  writing  to  Lieutenant  Maury,  said 
(see  page  773,  Maury's  Sailing  Directions,  eighth  edition):  '^I  learned  on  my  arrival  at  Panama  that  great  numbers 
of  sailing  ships  were  in  the  habit  of  resorting  thither  for  the  purpose  of  taking  freight  and  passengers  to  San  Francisco, 
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baty  to  my  surprise,  I  learned  they  seldom  made  the  passage  under  ninety  days,  and  often  were  one  hundred  and 
twenty  days  on  the  way.  *  *  *  One  of  the  clipper  ships  some  time  since  made  the  passaj^e  in  forty-five  days  by 
standing  to  the  southward  as  if  bound  for  Callao,  and  making  all  her  westing  in  the  southeast  trades  south  of  the  line." 

Acting  on  this  hint,  Maury  began  an  investigation  of  the  subject,  and  on  page  775  of  his  Sailing  Directions  he  sums 
up  his  conclusions  in  the  following  suggestions  for  the  consideration  of  navigators  bound  northwest  from  Panama : 

**  From  the  Bay  of  Panama  make  the  best  of  your  w^ay  south  till  you  get  between  5^  north  and  the  equator.  Being 
between  these  parallels  it  will  be  for  the  navigator  to  decide  whether  he  will  shape  his  course  west  and  keep  between 
them  until  he  crosses  the  meridian  of  95^  west,  or  whether  he  will  cross  the  equator  and  make  his  westing  in  south 
latitude  with  the  southeast  trades  on  his  quarter.  The  winds  he  finds  between  5°  north  and  the  line  must  decide  this 
question  for  him.  If  he  can  get  west  here  with  a  good  breeze  he  should  crack  on,  and  when  his  good  wind  fails  him 
steer  south  agaiu.  *  •  *  Therefore,  in  coming  out  of  the  Bay  of  Panama,  and  after  crossing  5°  north  in  any 
season,  make  a  southwest  course  if  the  wind  will  allow.  If  the  wind  be  southwest,  brace  up  on  the  starboard  tack ; 
if  it  be  south  southwest,  stand  west  if  it  be  a  good  working  breeze.  But  if  it  be  light  and  baffling,  with  rain,  know 
that  you  are  in  the  Doldrums^  and  the  quickest  way  to  get  clear  of  them  is  by  making  all  you  can  on  a  due  south 
course." 

^  This  route,  suggested  by  Maury  (which  correspouds  essentially  with  the  oue  projected  on  this  diagram),  was  at 
pnce  followed  by  navigators,  and  with  such  good  results  as  to  reduce  the  average  length  of  passage  to  San  Francisco 
from  ninety  days  to  thirty -seven  days.  My  computations  gave  a  result  of  thirty-six  days  as  the  average  time  from  Cupica, 
which  would  be  about  equal  to  thirty-eight  from  Panama ;  a  result  in  close  agreement  with  the  average  time  as  above 
stated,  according  to  Berghaus  and  other  authorities.  The  foregoing  has  been  necessary  to  demonstrate  the  correct- 
ness of  the  route  from  Panama  to  San  Francisco,  which  I  have  projected  on  this  diagram,  and  which  certainly  looks 
to  be  a  very  roundabout  way.  It  is  a  case,  however,  as  I  have  shown,  in  which  ''the  longest  way  round  is  the 
shortest  way  home.'' 

I  will  now  briefly  demonstrate  the  correctness  of  the  route  which  I  have  projected  from  Nicaragua  to  San  Fran- 
cisco, for  if  these  routes  are  not  correct,  of  course  the  whole  business  of  comparison  falls  to  the  ground.  This  route, 
as  you  see,  lies  straight  out  to  the  westward  fh>m  the  coast  through  the  monsoon  belt,  the  edge  of  which  is  reached  at 
about  the  one  hundred  and  tenth  meridian.  It  then  turns  a  little  to  the  northward  through  the  upper  part  of  the 
Doldrum  region  so  as  to  strike  the  northeast  trades  at  the  nearest  point.  Thence  it  lies  to  the  northward  and  west- 
ward through  the  trade  winds ;  finally  turning  to  the  eastward  and  reaching  San  Francisco  through  the  belt  of 
westerly  winds  that  lies  above  the  ''trades.''  This  route  I  consider  to  represent  as  nearly  as  possible  the  average 
distance  that  sailing  ships  will  traverse  in  making  this  passage,  taking  the  year  round.  At  times  ships  getting  a  "  good 
slant"  of  southerly  winds  in  the  monsoon  belt  will  make  the  trip  much  shorter.  At  others,  they  will  be  forced  away 
to  the  southward  by  the  "  northers  "  and  make  it  much  longer.  In  general,  during  the  winter  months,  when  northerly 
winds  prevail  along  the  coast,  the  route  will  be  longer.  On  the  other  hand,  during  the  summer  when  the  southerly 
winds  prevail,  it  will  be  shorter.  On  the  average,  the  route  laid  down  will  give  a  very  close  approximation  to  the 
distance  sailed.  Its  length  is  3,240  miles,  and  allowing  that  the  rate  of  sailing  will  on  the  average  be  about  the  same 
as  on  the  route  from  Panama,  the  time  to  make  the  trip  will  be  twenty-three  days.  Comparing,  now,  the  distance 
and  times  on  the  two  routes  we  get  the  following : 


Miles. 


Days. 


Panama  to  San  Francisco 5,350 

Nicaragua  to  San  Francisco 3, 240 

Difference  in  favor  of  Nicaragna 2,110 


37 
23 


14 


On  the  return  from  San  Francisco  the  difference  in  favor  of  Nicaragua  is  less  marked,  but  still  worthy  of  notice. 
The  average  distance  to  be  sailed  will  vary  somewhat  with  the  season,  being  considerably  longer  in  the  summer  than 
in  the  winter.    Following  is  the  comparison  for  the  return  during  both  seasons : 


OCTOBER  TO  APKIL. 


\ 

1 

1 

— - 

Miles. 

\ 
1 

1        3,600 
3,000 

600 

4,000 
3,400 

Days. 

San  Francisco  to  Panama 

i 

26 

San  Francisco  to  Nicaras ua 

22 

• 

;  Difference  in  favor  of  Nicaragua. 

i 

4 

APRIL  TO 

OCTOBKR. 

San  Francisco  to  Panama 

31 

San  Francisco  toNicarairaa - 

26 

Difference  in  favor  of  Nicaragua. 

000 

5 
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The  foregoing  figures  speak  for  tliemselves.  Tbey  show  that  a  canal  at  Nicaragua  will  bring  New  York  or  New 
Orleans  nearer  to  San  Francisco  by  nineteen  days  than  will  a  canal  at  Panama  or  any  of  the  proposed  routes  south  of 
Panama.    What  other  argument  cau  be  necessary  to  show  the  direction  in  which  American  interest  lies? 

A  comparison  of  routes  to  other  ports  of  the  Pacific,  while  perhaps  of  less  importance,  is  so  interesting  that  I  will 
ask  your  patience  while  I  state  briefly  the  results  without  going  into  details. 

To  China,  Manila,  or  Japan  the  difference  in  favor  of  the  route  from  Nicaragua  over  that  from  Panama  is  800  miles 
and  five  to  six  days. 

To  the  Sandwich  Islands  the  difference  in  favor  of  Nicaragua  is  1,100  miles  and  seven  to  eight  days. 

To  India,  Batavia,  Australia,  and  New  Zealand  the  difference  in  favor  of  Nicaragua  is  400  miles  and  two  to  three 
days. 

Seturning  from  China,  Manila,  Jai^an,  or  the  Sandwich  Islands  the  difference  in  favor  of  Nicaragua  is  600  miles 
and  four  to  five  days. 

Coming,  now,  to  a  compariHou  of  routes  to  ports  on  the  west  coast  of  South  America,  we  mifi^ht  naturally  suppose 
that  here  the  Nicaraguau  route  would  bo  at  a  marked  disadvantage  as  compared  with  Panama ;  but,  curiously,  enough, 
such  is  not  the  case.  A  comparison  shows  that  even  to  Valparaiso,  or  Callao,  there  is  a  difference  of  200  miles  and  one 
to  two  days  in  favor  of  the  route  from  Nicaragua  over  that  from  Panama.  On  the  return  frt)m  these  places  we  find 
the  sole  instance  in  which  the  route  to  or  from  Nicaragua  appears  at  a  disadvantage,  the  difference  being  about  500 
miles  and  four  days ;  this  time  in  favor  of  Panama. 

All  the  foregoing  distances  are  given  in  nautical  mUes  which  contain  about  6,080  feet  each,  while  the  ordinary 
or  statute  mile  contains  but  5,280. 

The  foregoing  results  have  refereuce  to  sailiug  ships,  and  the  saving  for  steamers  will  not  be  nearly  as  large ; 
amounting,  in  fact,  only  to  the  direct  distance  between  the  two  Pacific  termini.  This  is  about  650  miles,  and  as  it 
would  be  gained  both  ways,  it  would  amount  in  the  round  trip  to  San  Francisco  to  a  saving  of  1,300  miles,  which  in 
a  ten-knot  steamer  would  be  a  matter  of  five  days. 

Now,  M.  de  Lesseps  and  the  supporters  of  his  Panama  project  tell  us  that  the  carrying  trade  of  the  world  has 
passed  into  the  hands  of  steamers,  and  that  the  sailing  vessel  is  obsolescent  and  may  be  counted  out  of  the  problem. 
I  desire,  therefore,  to  call  your  attention  to  a  few  brief  statements  which  will  prove  tl\at  the  sailing  vessel  as  yet 
holds  her  own  against  the  steamer  much  better  than  is  generally  supposed.  With  reference  to  the  commercial  marine 
of  Great  Britain,  I  quote  from  the  "  Proceedings  of  the  Institution  of  Civil  Engineers, ''  vol.  ii,  p.  91 :  *' Notwithstand- 
ing the  immense  impetus  given  to  steam  shipping  by  the  opening  of  the  Suez  Canal,  only  41  per  cent,  of  the  entire 
trade  with  India  was  carried  in  1876  by  steam  vessels."  On  page  92  of  the  same  volume  is  the  statement  that  in  1876 
there  arrived  at  the  port  of  New  York  1,231  British  sailing  ships,  aggregating  561,503  tons;  and  590  British  steamers, 
aggregating  1,588,113  tons.  On  page  94  it  is  stated  that  in  1876  the  total  registered  number  and  tonnage  of  all  sailing 
and  steam  vessels,  belonging  to  the  British  Empire,  were  32,317  sailing  vessels,  aggregating  5,814,276  tons;  and  5,363 
steamers,  aggregating  2,150,302  tons.  This  shows  the  sailing  vessels  to  exceed  the  steamers  by  26,954  in  number  and 
3,663,974  tons  in  capacity. 

Coming,  now,  to  the  United  States,  we  find  that  iu  1877  our  commercial  marine  was  composed  of  sailing  and 
steam  vessels  in  the  following  numbers : 

Namber.     I     Tonnage.    I 

r    '  ^"    '       ^' ' '     -  ■-  -  -  ^ 

SaUing  vessels 17,000        2,322,000    | 

Steamers 4,270        1,126,000    ' 


1,198,000 


Surely  these  figures  do  not  indicate  that  the  cal'rying  trade  of  the  world  has  as  yet  passed  into  the  hands  of 
steamers. 

I  had  prepared  the  foregoing  as  the  results  of  my  own  careful  examination  of  this  important  subject,  when  a 
document  came  into  my  hands  which  corroborates  so  fully  the  correctness  of  my  conclusions  that  I  cannot  forbear 
a  few  quotations.  This  document  is  a  paper  read  by  Captain  Pim,  Royal  Navy,  before  the  British  Association  at 
Sheffield  in  1879.  In  this  he  quotes  from  a  letter  written  in  1866  by  M.  F.  Maury,  already  referred  to  as  a  great 
authority  on  this  subject.    From  this  letter  I  make  the  following  citations : 

"  The  great  importance  of  one  or  more  good  commercial  highways  across  Central  America  being  admitted,  the 
whole  question  of  rout«  resolves  itself  pretty  much  into  a  question  of  cost  of  construction  and  facility  of  ingress 
and  egress  by  sea  to  and  irom  the  opposite  termini ;  the  latter  is  an  affair  of  winds  and  currents,  and  their  infiuence 
is  powerful.  Panama  has  the  advantage  of  land  transit ;. Nicaragua  has  the  advantage  in  winds,  terminal  ports,  and 
climate.  The  first  is  obvious,  but  to  place  the  latter  in  a  clear  light  some  little  explanation  is  necessary.  •  •  •  i 
have  spoken  of  the  calm  belt  about  the  equator.  Panama  is  within  its  range.  *  *  *  It  is  difficult  to  convey  to 
any  one  who  has  never  experienced  these  calms  an  idea  of  the  obstinacy  with  which  they  vex  navigation.  We  are  all 
familiar  with  calms  at  sea  which  last  for  a  few  hours,  or  even  a  day,  but  here  they  last  for  days  and  weeks  at  a  time. 
I  have  known  vessels  going  to  or  from  Panama  to  be  detained  by  them  for  months  at  a  time.  *  *  *  On  one 
occasion  the  British  Admiralty,  wishing  to  send  one  of  their  vessels  into  the  Arctic  Ocean  from  Panama  in  time  to 
save  the  season,  had  her  towed  by  a  stei^iqer  t-l^rough  thjs  9§lm  belt;  an4  carried  700  mU®?  oi^t  ^  ^a  befo|*e  §))e  oo^l^ 
gnd  a  b^ree;^. 
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^'Tliese  remarkB  apply  to  the  approach  and  departure  by  sea  to  or  from  the  Pacific  terminus  of  any  roate  across 
the  Isthmus  of  Panama  or  Darien,  and  even  with  greater  force  to  the  Atrato  and  others  on  the  South  American  side 
of  Panama.  In  short,  the  result  of  my  investigations  into  the  winds  and  currents  of  the  sea,  and  their  influence  upon 
the  routes  of  commerce,  authorize  the  opinion  which  I  have  expressed  before  and  which  I  repeat,  namely:  if  nature, 
by  one  of  her  conyulsions,  should  rend  the  continent  of  America  in  twain  and  make  a  channel  across  the  Isthmus  of 
Panama  or  Darien  as  deep,  as  wide,  and  as  firee  as  the  Straits  of  Dover,  it  would  never  become  a  conmiercial  thor- 
oughfare for  sailing  vessels,  saving  the  outward  bound  and  those  that  could  reach  it  with  leading  winds.    *    *    • 

'*  We  come  now  to  the  Nicaragua  routes.  *  *  *  It  is  to  this  part  of  the  Isthmus  that  we  must  look  for  a  route 
that  shall  best  fulfill  the  present  requirements  of  commerce.  «  *  ^  Vessels  under  canvas  would  in  the  main  do  the 
fetching  and  carrying  for  the  Nicaragua  route,  which,  for  reasons  already  stated,  they  cannot  do  for  Panama.  The 
aggregate  amount  of  this  trade  is  immense,  and  it  is  neither  accommodated  for  Panama  nor  Panama  for  it.  *  *  * 
You  will  observe  at  a  glance  that  the  Isthmus  of  Panama  or  Darien  is,  on  account  of  these  winds  and  calms,  in  a  purely 
commercial  point  of  view,  the  most  out-of-the-way  place  of  any  part  of  the  Pacific  coast  of  intertropical  America." 

The  foregoing  quotations  from  this  eminent  authority  certainly  substantiate  fully  the  deductions  that  I  have 
already  drawn  from  my  own  investigations.  Better  than  that,  they  prove  that,  my  prejudice  in  favor  of  Nicaragua,  if 
I  have  any,  has  not  led  me  to  overstate  the  case  in  its  favor,  but  that,  on  the  contrary,  in  my  desire  to  keep  within 
indisputably  safe  bounds,  I  have  greatly  understated  it. 


APPENDIX     C 


MAUBY'S  ESTIMATE  OF  TEE  RESOURCES  OF   THE  GULF  OF  MEXICO  AND  OF  THE  CARIBBEAN 

SEA,  AND  OF  THE  IMPORTANCE  OF  INTEROCEANIC  COMMUNICATION 

National  Observatory,  July  2, 1849. 

Sir  :  According  to  request  and  promise,  I  proceed  to  treat  of  the  Panama  Railway,  the  commercial  resources  of  the 
Golf  of  Mexico,  and  the  probable  effect  upon  the  prosperity  of  the  countrj'  of  a  good  commercial  thoroughfare  betii^een 
the  Atlantic  and  Pacific  Oceans. 

The  opening  of  a  communication  across  me  Isthmus  is  one  of  the  most  important  projects  of  the  age.  The  country 
is  ripe  for  it,  and  there  are  capitalists  enough  ready  to  embark  in  it,  provided  the  Grovernment  will  hold  out  to  them 
a  fair  and  reasonable  encouragement. 

I  see  by  the  papers  that  books  were  opened  the  other  day  in  New  York  for  subscriptions  to  the  Panama  Railroad, 
and  that  one  million  of  dollars  of  the  stock  was  taken.  It  is  probable  that  this  sum  will  be  applied  either  to  a  light 
road  for  horse-power,  or  the  construction  of  a  track  from  Panama  20  miles  over  to  the  river  Chagres;  neither  of  which 
plans  will  subserve  effectually  the  great  interests  of  the  country  or  the  purposes  of  commerce. 

Before  investing  freely  or  launching  out  boldly  into  such  an  undertaking,  cool-headed  men  desire  to  see  the 
hand  of  their  Government  with  them  in  the  work.  They  desire  it  not  so  much  on  account  of  the  sum  to  be  paid,  but 
on  account  of  the  security,  the  confidence  that  it  would  give,  to  see  the  Government  assuming  some  sort  of  pecuniary 
responsibility  with  them  in  the  matter.  As  for  the  mere  matter  of  dividends,  capitalists  could  make  more  by  first 
constructing  the  work  on  their  own  account,  and  then  fixing  their  own  terms  for  services  rendered  the  Government. 
But  in  this  case  there  would  be  wanting  the  confidence  in  the  work  which  a  subscription  to  it  by  the  Government,  or 
an  offer  of  reasonable  compensation  for  services  to  be  rendered  would  impart.  If  the  Government  of  the  United  States 
were  to  put  its  hand  \^  the  work,  so  that  it  should  be  soon  in  some  tangible  shape,  either  as  a  subscription  or  as  an 
annual  installment,  the  mere  sight  of  it  would  give  the  world  confidence  in  the  undertaking,  and  this  confidence  would 
be  worth  far  more  in  the  eyes  of  business  men  than  the  mere  dollars  and  cents  out  of  the  public  treasury.  If  the 
Isthmus  of  Panama  belonged  to  some  strong  and  stable  power,  a  railroad  or  ship-canal  there  would  present  one  of  the 
most  attractive  fields  for  investment  that  could  be  presented  to  capitalists. 

Let  us  take  a  view  of  this  railroad  and  our  position  with  regard  to  it  in  some  of  those  manifold  lights  in  which 
the  wants  of  commerce  and  the  great  interests  of  the  people  of  the  United  States  present  it.  And  for  this  purpose  I 
extract  from  an  article  which  I  have  recently  written  on  the  subject. 

Rightly  to  do  this  and  properly  to  estimate  the  effects  which  are  to  arise  from  uniting  the  two  oceans,  it  is  neces- 
sary to  pass  in  review  the  position  in  respect  both  to  the  Old  World  and  the  New,  of  our  Mediterranean,  which  consists 
of  the  Gulf  of  Mexico,  with  its  archipelago,  the  Caribbean  Sea.  The  geographical  position  of  this  sea  and  its  shores, 
the  size  of  the  rivers  which  flow  into  it,  the  climates  and  soils  of  their  valleys,  and  the  hand  with  which  nature  has 
strewed  the  elements  of  commerce  among  them,  all  conspire  to  make  it  the  most  useful  to  the  greatest  number  of  men, 
and,  therefore,  the  most  interesting  sea  in  the  world.  It  is  situated  midway  between  the  two  Americas.  Rivers 
whose  headwaters  reach  back  north  and  south  into  the  very  heart  of  the  country  flow  into  it.  A  line  from  the  delta 
of  the  Orinoco  to  the  east  end  of  Cuba  is  but  a  thousand  miles  long ;  and  yet  to  the  west  of  it  lies  this  magnificent 
basin  of  water,  locked  in  by  a  continent  that  has  on  its  shores  the  most  fertile  valleys  of  the  earth.  In  the  midst  of 
these  valleys  ships  may  sail  thousands  of  miles  on  the  largest  rivers  that  bring  tribute  to  the  ocean.  They  contain 
the  elements  of  dormant  wealth,  of  national  power  and  greatness,  which  ic  requires  facility  of  communication  with 
the  Pacific  to  begin  to  develop,  and  which,  when  frilly  develojied,  will  astonish  the  world.  An  era  and  an  epoch  in 
the  affairs  of  nations  will  date  from  the  opening  of  this  communication.  All,  and  more  too,  that  the  Mediterranean 
is  to  Europe,  Africa,  and  Asia,  this  sea  is  to  America  and  the  world.  n 

A  sea  is  important  for  commerce  in  proportion  to  the  length  of  the  rivers  that  empty  into  it,  and  to  the  extent 
and  fertility  of  the  river  basins  that  are  drained  by  it.  The  quantity  and  value  of  the  staples  that  are  brought  down 
to  market  depend  upon  these.  The  Red  Sea  is  in  a  riverless  district ;  few  are  the  people  and  small  the  towns  a|ong 
its  coast.  Its  shores  are  without  valleys ;  not  a  river  empties  into  it,  for  there  is  no  basin  for  it  to  drain.  Commercially 
speaking,  what  are  its  staples  in  comparison  with  those  of  the  Mediterranean,  which  gives  outlet  to  rivers  that  drain 
and  fertilise  basins  containing  not  less  than  one  million  and  a  quarter  of  square  sea  miles  of  fruitful  lands?  Com- 
mercial cities  have  never  existed  on  the  shores  of  the  Red  Sea.  Commerce  loves  the  sea,  but  it  depends  for  life  and 
health  on  the  land.  It  derives  its  sustenance  frx>m  the  rivers  and  the  basins  which  they  drain,  and  increases  the  opu- 
lence of  nations  in  proportion  to  the  facilities  of  intercourse  which  these  nations  have  with  the  outlets  of  such  basins. 

The  river  basins  drained  into  the  Gulf  and  Caribbean  Sea  greatly  exceed  in  extent  of  area  and  capacity  for 
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prodaction  the  river  basins  of  the  Mediterranean.  The  countries  in  AMca,  Asia,  and  Europe  which  comprise  the 
river  basins  of  the  Mediterranean^  are,  in  superficial  extent,  but  little  more  than  one-fourth  the  size  of  those  which 
are  drained  by  this  sea  in  our  midst.  It  is  the  Mediterranean  of  the  New  World,  and  nature  has  laid  it  out  on  a  scale 
for  commerce  far  more  grand  than  its  type  in  the  old ;  that  is  about  45^  of  longitude  in  length  by  an  average  of  7^ 
of  latitude  in  breadth.  Ours  is  broader,  but  not  so  long ;  it  is,  therefore,  more  compact ;  ships  can  sail  to  and  fi*o 
across  it  in  much  less  time,  and  gather  its  articles  of  commerce  at  much  less  cost. 

The  two  seas  cover  each  about  the  same  superficial  extent ;  but  £rom  one  extreme  to  the  other  of  that  of  the 
Old  World  the  route  is  tortuous  and  the  voyage  long.  It  cannot  be  accomplished  without  sailing  a  distance  quite 
equal  to  that  between  Europe  and  America;  whereas  firom  the  most  remote  point  in  the  Caribbean  Sea  to  the  farthest 
port  in  the  Qnlf  a  straight  line  may  be  drawn  on  the  water,  and  the  distance  from  one  extremity  to  the  other  of  it 
will  be  but  little  more  than  2,000  miles. 

From  the  ports  of  the  Levant  and  Black  Sea  to  the  ocean  a  vessel  under  canvas  requires  a  month  or  more,  but 
from  any  poiut  on  the  coast  of  this  central  sea  of  America  a  vessel  may  be  out  on  the  broad  bosom  of  the  ocean  in  a 
few  days.  Winds  and  currents,  with  all  the  adjuvants  of  navigation,  are  here  much  more  propitious  to  the  mariner 
than  they  are  in  any  other  part  of  the  world. 

There  is  a  system  of  perpetual  currents  running  from  the  ocean  into  this  sea,  and  frx>m  this  sea  back  into  the 
ocean.  They  are  literally  rivers  in  the  sea,  for  they  are  as  constant,  and  almost  as  well  marked,  as  rivers  on  the  land. 
Had  it  been  left  to  man  to  plan  the  form  of  a  basin  for  commerce^ on  a  large  scale — a  basin  for  the  waters  of  our  rivers 
and  the  products  of  our  lands — he  could  not  have  drawn  the  figure  of  one  better  adapted  for  it  than  that  of  the  Gulf, 
nor  placed  it  in  a  position  half  so  admirable. 

The  shores  of  the  Mediterranean  are  indented  by  deep  bays  and  projecting  points  of  laud,  which  greatly  lengthen 
the  sailing  distance  from  port  to  port.  The  sinuosities  of  short  lines  add  to  the  expenses  of  commercial  intercourse. 
By  land  the  distance  from  Genoa  to  Venice  is  only  a  few  hours'  travel,  but  by  water  they  are  more  than  a  thousand 
miles  apart.  There  is  no  such  interruption  to  navigation  in  the  Gulf  of  Mexico ;  the  shortest  distance  from  port  to 
port  there,  as  from  New  Orleans  to  the  ports  of  Texas  and  Mexico,  to  Pensacola,  Havana,  and  the  like,  is  by  water. 

The  windings  of  the  Mediterranean  shore  line,  exclusive  of  its  islands,  measure  12,000  miles  in  length,  whereas 
those  of  the  Gulf  and  Caribbean  Sea  do  not  mete  out  half  that  distance.  Ships,  therefore,  which  go  into  the  Mediter- 
ranean have  to  gather  the  produce  which  is  brought  down  from  its  river  basins,  containing  less  than  2,000,000  square 
miles,  to  wind  along  a  coast  line  12,000  miles  in  length,  whereas  those  which  go  into  the  Gulf  of  Mexico  may,  by 
sailing  5,000  miles,  reach  tbe  mouths  of  rivers  that  drain  of  water  and  surplus  pnKliice  more  than  4,000,000  square 
miles  of  fruitful  plains  and  fertile  valleys. 

Easy  access  by  sea  to  the  mouths  of  rivers  which  draiu  extrusive  basins  of  rich  laud  has  always  been  regarded 
as  the  best  basis  upon  which  the  foundations  of  commerce  can  be  laid.  The  character  and  extent  of  the  back  country 
which  supplies  such  ontlets  are  the  true  exponents  of  the  commercial  prosperity  of  the  cities,  and  the  condition  of  the 
people  who  dwell  there.  The  closer  these  outlets  are  together,  and  the  greater  the  diversity  of  the  climates  drained 
by  them,  the  more  numerous  are  their  products  and  the  more  active  is  their  commerce.  Hence  the  commercial 
importance  of  every  bay,  gulf,  and  sea  of  the  ocean  may  be  considered  as  in  direct  relation  to  the  extent,  variety,  and 
fertility  of  their  river  basins.  Because  the  Red  Sea  is  in  a  riverless  region,  it  has  no  markets;  consequently  it  has 
in  the  eye  of  commerce,  ever  been  regarded  as  valueless  in  comparison  to  the  Bay  of  Bengal  and  the  Mediterranean 
Sea,  with  their  broad  basins  and  beautiful  tributaries. 

Every  one,  who  takes  the  trouble  to  examine,  is  struck  with  the  fact  that  the  greatest  commercial  cities  of  the 
world  are  and  ever  have  been  those  whose  merchants  have  been  most  advantageously  situated  with  regard  to  the  out- 
lets, natural  or  artificial,  of  great  river  basins  and  producing  regions. 

Rightly  to  perceive  how  admirably  located  and  arranged  for  the  purposes  of  conmierce  are  the  Gulf  and  Carib- 
bean Sea,  and  duly  to  appreciate  the  advantages  arising  therefrx>m,  let  us,  before  comparing  the  river  basins  of  Amer- 
ica with  those  of  Europe  and  Asia,  or  before  tracing  further  the  effects  which  the  course  of  the  rivers  of  a  country  has 
upon  its  commerce,  take  a  glance  at  the  geographical  position  of  this  our  central  sea. 

Curtained  on  the  east  by*a  chain  of  fruitful  islands,  stretching  from  Trinidad  to  Cuba,  it  is  on  the  north  and 
the  south  and  the  west  land-locked  by  the  continent,  which  has  bent  and  twisted  around  this  sea  so  as  to  fold  it  within 
its  bosom  and  hold  it  midway  between  the  two  semi-continents  of  the  New  World.  In  this  favored  position  it  receives 
on  one  side  the  mountain  streamlets  of  a  sea  of  islands ;  on  another,  all  the  great  rivers  of  North  America ;  and  on  the 
others  the  intertropical  drainage  of  the  entire  continent.  The  Atlantic  Ocean  circulates  through  this  our  Mediter- 
ranean. Its  office  in  the  economy  of  the  world  is  most  important.  It  not  only  affords  an  outlet  for  the  great  Ameri- 
can rivers,  but  it  makes  their  basins  habitable  by  giving  them  drainage  and  by  sending  far  away  into  the  ocean  the 
drift  and  the  overheated  waters  which  the  rivers  bring  down.  It  also,  through  its  system  of  cold  and  warm  currents, 
makes  its  own  shores  habitable  to  man,  tempers  the  climate  of  Europe,  and  by  its  genial  warmth  makes  productive  the  soil 
there.  The  Amazon,  rising  in  the  Andes  and  emptying  into  the  ocean  under  the  line,  also  finds  its  way  through  the 
magnificent  llanos  and  pampas  of  the  tropics  down  to  the  margin  of  this  sea. 

In  consequence  of  the  Gulf  Stream,  the  mouth  of  the  Mississippi  is  really  in  the  Florida  Pass.  The  waters  of  the 
Amazon  flow,  through  the  same  channel.  The  great  equatorial  current  of  the  Atlantic  sweeps  across  the  mouth  of  this 
river  and  carries  its  waters  into  the  Caribbean  Sea;  from  the  Caribbean  Sea  they  flow  into  the  Gulf  of  Mexico,  and 
thus  by  the  Gulf  Stream  back  into  the  Atlantic.  Such  is  the  channel  through  which  the  waters  of  the  Atlantic  com- 
plete^ their  circuit  and  are  borne  back  into  the  ocean  again.  The  distance  in  a  straight  line  from  the  mouth  of  the 
Amazon  to  the  Florida  Pass  is  only  2,400  miles.  Therefore  the  Amazon  may.  be  very  properly  regarded  as  one  of  the 
tribntf^ries,  and  it»  basin  as  a  part  of  the  back  country  to  this  ox\v  noble  sea.    The  connection  is  eyen  more  close ;  for 
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one  mouth  of  the  Amazon  is  that  of  the  Orinoco,  which  empties  directly  into  the  Caribbean  Sea.  These  two  streams 
present  the  anomaly  of  two  great  rivers  having  sources  in  common.  A  person  sailing  up  the  Amazon  may  cross  over 
into  the  Orinoco  and  re-enter  the  sea  through  that  river  without  having  set  his  foot  on  shore  or  disembarked  once. 
The  Kio  Negro  takes  its  rise  from  the  eastern  slope  of  the  Andes,  and  after  having  run  several  hundred  miles,  divides 
itself  into  two  streams,  one  of  which  flows  into  the  Amazon,  the  other  into  the  Orinoco.  This  is  nature's  canal  between 
them. 

The  Mississippi  and  the  Amazon  are  the  two  great  commercial  arteries  of  the  continent ;  they  are  fed  by  tribu- 
taries with  navigable  length  of  channel  more  than  enough  to  encircle  the  globe. 

This  sea,  therefore,  is  like  a  heart  to  the  ocean.  Its  two  divisions  of  sea  and  gulf  perform  the  office  of  ventricles. 
Floating  bodies  from  the  region  of  Cape  Horn,  from  the  coast  of  Africa,  and  the  shores  of  Europe,  are  conveyed  into 
the  Gulf  of  Mexico,  whence  its  waters,  supplied  anew  with  heat  and  motion,  are  again  sent  forth  through  their  chan- 
nels of  circulation  over  the  broad  bosom  of  the  Atlantic.  To  Western  Europe  the  heated  currents  of  this  sea  distribute 
their  warmth,  and  then  return  back  to  their  sources  through  the  invisible  channels  of  the  deep. 

We  have  seen  that  the  river  basins  of  the  Mediterranean  cover  but  little  more  than  one-fourth  the  area  which 
is  drained  by  the  streams  which  empty  into  the  central  sea  of  America.  That  we  may  realize  the  extent  of  these 
river  basins  of  America,  let  us  add  to  those  of  the  Mediterranean  the  chief  river  basins  of  Western  Europe  and 
Southern  Asia,  and  see  if  they  can  outmeasure  the  valleys  drained  by  our  Mediterranean  alone.  Before  doing  this, 
however,  permit  me  to  glance  at  the  geographical  features  and  physical  conditions  which  regulate  the  size  of  the  river 
basins  to  be  considered. 

It  is  a  remarkable  feature  in  the  formation  of  this  continent  that  there  are  no  great  basins  in  the  interior  without 
sea  drainage,  and  no  rainless  districts  of  any  considerable  extent.  With  one  or  two  exceptions,  as  the  inland  basin 
of  the  City  of  Mexico  and  the  Salt  Lake,  which  comprise  but  small  districts  of  the  country,  all  the  water-courses  of 
America  empty  into  the  sea.  The  extent  of  country  for  sea  drainage  here  is  far  greater  than  in  any  other  part  of  the 
world.  Hence  we  have  larger  valleys,  valleys  which  are  longer  and  broader  than  any  in  the  Old  World.  Consequently 
they  collect  more  water,  call  for  more  drainage,  and  hence  give  rise  to  more  and  larger  rivers.  In  the  Old  World  there 
is  a  region  of  country  80^  of  longitude  by  17°  of  latitude  in  extent  in  which  it  never  rains.  Here,  between  the  Andes 
and  the  Atlantic,  there  is  no  such  rainless  region.  The  annual  fall  of  rain  between  the  tropics  in  the  Old  World  is  G 
feet ;  in  the  New  World  it  is  11 ;  and  it  is  greater  here  than  there  in  the  temperate  zone  also.  More  than  one-half  of 
all  the  fresh  water  in  the  world  is  on  the  continent  of  North  America.  In  facts  like  these  is  found  the  explanation  as 
to  the  cause  of  the  surprising  length  and  volume  of  many  of  the  American  rivers.  Big  rivers  are  required  to  drain 
broad  valleys. 

In  Europe  and  Asia  the  great  continental  declivities  are  such  as  to  leave  no  room  for  any  remarkable  length  of 
river  or  breadth  of  valley.  In  North  America  there  is  an  immense  valley  between  the  Alleghany  and  the  Kocky 
Mountains.  The  great  lakes  form  the  northern  edge  of  this  valley,  the  entire  drainage  of  which  is  therefore  carried 
off  towards  the  south  into  the  Qulf  of  Mexico.  This  is  the  basin  of  the  Mississippi.  In  South  America  the  Andes 
skirt  the  western  coast  very  closely  and  send  off  to  the  east  a  chain  of  mountains  from  Bolivia  to  the  Atlantic  coast 
of  Brazil.  These  mountains  divide  South  America  into  two  great  systems  of  river  basins ;  the  drainage  of  one  is  to 
the  north  and  east,  of  the  other  to  the  south. 

In  the  broadest  part  of  the  continent,  therefore,  which  is  its  northern  portion,  the  continental  slope  gives  rise 
to  the  first-mentioned  system.  The  district  of  country  included  in  it  is  an  immense  one,  the  rains  are  heavy  and  the 
drainage  great.  Hence  the  direction  and  volume  of  the  Para,  the  Amazon,  and  Orinoco.  The  basin  which  slopes  to 
the  south  is  much  less  in  extent;  it  is  drained  by  the  La  Plata. 

In  one  part  of  Europe  the  drainage  is  in  all  directions  towards  the  Black  Sea,  which  is  sunk  in  a  sort  of  basin  of 
its  own,  and  receives  the  drainage  from  several  quarters.  But  the  longest  slope  on  the  sides  of  this  basin  rnns  up 
west  towards  the  center  of  the  continent.  Here  the  Danube  and  other  draining  streams,  which  empty  into  the  Black 
Sea  and  thence  into  the  Mediterranean,  take  their  rise.  On  the  shores  of  this  last,  we  have  the  drainage  to  the  south, 
which  give  rise  to  the  Rhone,  etc.  Europe  has  its  Atlantic  slope  also,  and  there  the  rivers,  as  the  Tagus,  the  Rhine,  and 
the  Elbe,  run  west.  Thus  you  perceive  that  the  geographical  features  of  Europe  leave  no  room  for  a  hydrological 
expression  like  that  of  the  Amazon  and  the  Mississippi,  with  their  valleys. 

In  the  interior  of  Asia  there  is  a  grand  continental  basin  65P  of  longitude  in  length.  It  is  spread  out  over  the 
middle  of  the  continent,  and  extending  from  the  borders  of  Europe  to  the  eastern  districts  of  China,  it  embraces  a 
region  of  country  more  than  4,000,000  square  geographical  miles  in  extent,  which  has  no  ocean  drainage.  In  the 
midst  of  the  Old  World,  it  is  surrounded  by  steppes  and  mountain  ranges  which  shut  it  out  from  the  world  of  waters 
beyond.  It  gives  rise  to  many  large  rivers,  as  the  Volga  and  the  Omal ;  but  they  empty  into  the  Caspian  and  other 
continental  seas,  which  have  no  visible  outlet  or  communication  with  the  ocean.  For  all  great  purposes  of  commerce 
this  immense  and  fertile  basin  is  as  blank  as  the  desert  Zabara.  Of  course,  then,  the  rivers  above  this  basin  must  run 
north  into  the  frozen  ocean,  which  is  also  a  blank  as  white  as  snow  in  the  book  where  commerce  records  her 
statistics.    These  river  basins  embrace  nearly  4,000,000  geographical  square  miles. 

On  the  south  side  of  this  inland  basin  the  inclination  of  the  continental  level  is  towards  the  China  Seas  and 
Indian  Ocean.  Here,  then,  we  must  look  for  those  river  basins  and  the  origin  of  those  streams  which  give  rise  to  the 
commerce  of  the  east;  and  here,  accordlQcvW  tre  ^^  the  teeming  valleys  drained  by  the  Euphrates,  the  Ganges,  and 
theTangtse-Kiang;  all  of  which  desceiiri  ?5,!\  fruitful  plains,  and  all  except  the  last  are  open  to  trade  and  traffic  with 
*  *  outside  barbarians. "  ^^ 

The  distance  from  the  Bay  of  Bej^j.  4  tftbiau  Sea  to  the  southern  edge  of  this  great  inland  basin  varies  firom  2P 

to  10°  of  latitude ;  consequently,  the  o?M  s^^      o^g^  which  the  rivers  of  India  flow  is  limited  to  1(P  of  latitude.    The 
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produce  that  comes  down  tliose  streams  for  market  has  no  greater  range  of  climate  than  that  which  is  dae  to  a  north  and 
^uth  line  of  500  or  600  miles  in  length.  Neither  can  the  rivers -themselves  he  very  long,  nor  their  basins  very  broad, 
nor  their  volume  of  water  very  great.  Their  valleys  may  vie  in  fertility  with  those  of  the  Mississippi  and  the  Amazon, 
but  as  for  diversity  of  climate,  variety  of  productions,  and  navigable  capacity  of  water-courses  there  is  no  comparison- 
Let  us  now  return  to  the  comparison  as  to  extent  of  the  river  basins  of  the  Old  World  with  those  under  consid- 
eration in  the  New.  According  to  one  of  the  most  remarkable  works  of  the  age — ^Professor  Johnson's  Physical  Atlas — 
the  river  basins  in  the  Old  World  contain,  in  geographical  square  miles,  stated  in  round  numbers,  as  follows,  vie: 

Square  milM. 

Of  Mediterranean,  Europe 1, 160, 000 

Of  Nile 520,000 

Of  Euphrates 196,000 

Of  Indus 312,000 

Of  Ganges 432,000 

Oflrawady 331,000 

Of  others  of  India 173,000 

Of  those  of  Western  Europe,  as  Rhine,  etc 730, 000 

Total  Mediterranean,  India,  and  West  Europe 3,854,000 

AREA,  IN  GBOGRAPHICAL  SQUARE  MILES,  OF  RIVER  BASINS  DRAINED  INTO  THE  QULF  OF  MEXICO  AND  CARIBBEAN  SKA. 

Square  miles. 

Basin  of  Mississippi  River 982,000 

Basins  in  Florida  and  Texas  (estimated) 520,000 

Basins  in  Mexico  and  Central  America  (estimated) 300,000 

Basin  of  Amazon  (including  basin  of  Para) 1,796,000 

Basin  of  Orinoco  and  all  others  of  Caribbean  Sea 700, 000 

■ 

Total  Gulf  and  Caribbean  Sea 4,298,000 

Total  Mediterranean,  India,  and  West  Europe 3,854,000 

Difference — call  it  nothing,  though  it  measures  an  area  containing  nearly  half  a  ipillion  of  square  miles. 

From  this  statement  we  are  led  to  the  very  remarkable  conclusion— and  it  is  an  important  physico-commercial 
fact — that  the  area  of  all  the  valleys  which  are  drained  by  the  rivers  of  Europe  which  empty  into  the  Atlantic,  of  all 
the  valleys  that  are  drained  by  the  rivers  of  Asia  which  empty  into  the  Indian  Ocean,  and  of  all  the  valleys  that  are 
drained  by  the  rivers  of  Africa  and  Europe  which  empty  into  the  Mediterranean,  does  not  cover  an  extent  of  territory 
as  great  as  that  included  in  the  valleys  drained  by  the  American  rivers  alone  which  discharge  themselves  into  our 
central  sea.  Never ^was  there  such  a  concentration,  upon  any  sea,  of  commercial  resources.  Never  was  there  a  sea 
known  with  such  a  back  country  tributary  to  it. 

The  produce  which  comes  down  the  rivers  of  Europe  has,  when  it  arrives  on  the  shores  of  the  Atlantic,  to  be 
transported  15,000  or  20,000  miles  to  be  exchanged  for  that  which  comes  from  the  river  basins  of  India.  From  the 
mouth  of  the  European  rivers  discharging  into  the  Atlantic  Ocean  the  voyage  to  the  mouth  of  the  Asiatic  rivers  which 
run  into  the  Indian  Ocean  often  occupies  200  days ;  consequently,  it  requires  a  ship  more  than  a  year  to  take  on  board 
a  cargo  from  the  river  basins  of  Europe,  go  with  it  to  India,  exchange  it,  and  return  with  the  proceeds  thereof  to  the 
place  whence  she  started ;  so  great  the  distance  and  so  long  the  period  of  time  which  separate  these  two  fountains  of 
commerce. 

pne  ship,  therefore,  trading  between  the  American  system  of  river  basins  may  fetch  and  carry,  exchange  and 
bring  back  in  the  course  of  one  year  as  many  cargoes  as  ten  ships  can,  in  the  same  time,  convey  between  the  remote 
basins  of  the  system  in  the  Old  World. 

The  products  of  the  basin  of  theMississipi^i,  when  they  arrive  at  the  Balize,  may  in  twenty  or  thirty  days  be  landed 
on  the  banks  of  the  Orinoco  and  the  Amazon.  Thus,  in  our  favored  position  here  in  tbe  New  World,  we  have,  at  the 
distance  of  a  few  days'  sail  an  extent  of  fruitful  basins  for  commercial  intercourse  which  they  of  the  Old  World  have  to 
compass  sea  and  land  and  to  sail  the  world  around  to  reach. 

On  this  continent  nature  has  been  prodigal  of  her  bounties.  Here,  upon  this  central  sea,  she  has,  with  lavish 
hand,  grouped  and  arranged  in  juxtaposition  all  those  physical  circumstances  which  make  nations  truly  great.  Here 
she  has  laid  the  foundations  for  a  commerce  the  most  magnificent  the  world  ever  saw.  Here  she  has  brought  within 
the  distance  of  a  few  days  the  mouths  of  her  two  greatest  rivers.  Here  she  has  placed  in  close  proximity  the  natural 
outlets  of  her  grandest  river  basins.  With  unheard-of  powers  of  productions,  these  valleys  range  through  all  the 
producing  latitudes  of  the  earth.  They  embrace  every  agricultural  climate  under  the  sun ;  they  are  capable  of  all 
variety  of  productions  which  the  world  besides  can  afford.  On  their  green  bosom  rests  the  throne  of  the  vegetable 
kingdom.    Here  commerce,  too,  in  time  to  come,  will  hold  its  court. 

The  Mississippi  comes  down  from  the  grain-producing  regions  of  the  north,  bearing  vessels  deeply  laden  with 
produce ;  freighted  with  all  varieties  of  the  fruits  of  the  temperate  zones,  they  convey  to  the  sea  large  cargoes  of 
merchandise,  gathered  from  the  products  of  the  field,  the  forest,  and  the  mine.  Hills  of  iron,  mountains  and  valleys 
filled  with  coal,  are  found  on  its  banks.  Its  waters  are  mingled  in  the  Gulf  with  those  of  the  Amazon  and  the  Orinoco, 
which  run  between  the  tropics.  From  their  basins  they  are  ready  at  the  bidding  of  civilized  man  to  place  on  this 
sea,  in  all  variety  and  abundance,  the  products  of  the  torrid  zone. 


.-iv 
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Arrived  in  the  Gulf  with  these  good^,  the  mariuer  theu  tiuds  a  river  iu  the  sea  to  speed  him  ou  with  its  favoring 
currents  to  prosperous  voyages.  Through  the  Gulf  Stream  the  productions  of  this  grand  system  of  river  basins  will 
be  distributed  over  the  world,  passing  by,  and  enriching  as  the^'  go,  Norfolk,  Philadelphia,  New  York,  and  Boston,  all 
the  Atlantic  slope  of  the  United  States,  and  all  the  Pacific  slope,  too. 

From  50^  north  to  2(F  south,  the  Mississippi  and  the  Amazon  take  their  rise.  A  straight  line  from  the  head- 
waters of  one  to  those  of  the  other  measures  a  quj^ant  of  the  globe.  They  afford  outlets  to  all  the  producing 
climates  of  the  earth.  Upon  this  gulf  and  sea  perpetual  summer  reigns ;  and  upon  their  shores  climate  is  piled  upon 
climate,  production  upon  production,  iu  such  luxuriance  and  profusion  that  man  without  changing  his  latitude  may 
in  one  day  ascend  from  summer's  heat  to  winter's  cold,  gathering,  as  he  goes,  the  fruits  of  every  clime,  the  staples 
of  every  country.  To  gather  such  things  in  the  Ohl  World,  commerce  must  first  plume  her  wings  and  sail  in  search  of 
them  through  all  latitudes  and  climates,  from  the  extreme  north  to  the  farthest  south.  In  the  small  compass  of  the 
West  India  sea  are  crowded  together  the  natural  outlets  of  the  ocean,  from  mountains,  plains,  and  valleys,  that 
embrace  every  variety  of  production,  every  degree  of  latitude  and  climate,  from  peri)etnal  winter  to  eternal  spring. 
The  largest  water-courses  of  Europe  and  India  do  not  run  through  more  than  10  or  15  degrees  of  latitude.  The 
greatest  variety  of  climate  possessed  by  the  river  basins  of  India,  the  Mediterranean  and  Atlantic  £urox)e,  is  included 
between  l(P  and  55^  north  latitude ;  only  45  degrees  of  latitude  there  against  70  degrees  here.  There  they  are  all  in 
the  same  hemisphere,  and  when  it  is  seed  time  iu  one  basin,  it  is  seed  time  in  all,  and  a  short  har\'est  there  produces 
famine.  Here,  in  the  American  system,  we  include  both  hemispheres,  and  therefore  when  it  is  seed  time  in  one  basin 
it  is  harvest  in  the  other.  With  this  blessed  alternation  of  seasons  so  near  at  hand  and  so  convenient  to  our  great 
seaport  towns  aud  avenues  of  trade,  famine  on  these  shores  is  impossible.  With  this  American  sea  between  the 
two  hemispheres,  aud  in  the  lap  of  both,  nature  has  endowed  it  with  commercial  resources  and  privileges  of  infinite 
variety. 

Here  couie  together  and -unite  in  one  the  natural  highways  to  the  oceau,  from  mountains,  plains,  and  valleys, 
teeming  with  trea8ui*es  from  the  mineral,  the  vegetable,  and  the  animal  kingdoms — nature's  most  princely  gifts  to  man. 
Were  it  given  to  us  of  this  day  to  look  down  through  future  generations  and  to  see  the  time  when  the  valleys  of 
the  Mississippi,  the  Orinoco,  and  the  Amazon  shall  be  reclaimed,  peopled,  and  cultivated  up  to  their  capacities  of  pro- 
duction, we  should  behold  in  this  system  of  river  basins  and  upon  this  central  sea  of  ours  a  picture  such  as  no  limner 
can  draw,  no  fancy  can  sketch.  All  the  elements  of  human  greatness  which  river,  land,  and  sea  can  afford  are  here 
crowded  together;  for  their  full  development  easy  access  to  the  Pacific  is  necessary. 

The  course  of  a  river  exercises  imxiortant  bearings  upon  commerce.  A  river  that  runs  east  aud  west  has  no 
diversity  of  climate ;  its  ba.siu  is  between  two  parallels  of  latitude,  and  there  is  no  variety  of  production  from  source 
to  mouth,  except  such  as  is  due  to  elevation.  The  husbandman  who  inhabits  the  banks  of  such  a  stream  when  he 
descends  it  with  his  surplus  produce  for  exchange  and  barter,  finds  on  his  aiTival  at  its  mouth  that  he  lias  come  to 
Newcastle  with  coals  only.  He  is  there  offered  duplicates  iu  exchange  for  what  he  has  brought  to  sell ;  all  sellers  and 
no  buyers  never  can  make  commerce  briHk.  Such  a  river  may  have  a  staple ;  it  may  be  corn,  it  may  be  oil ;  but  what- 
ever it  be,  it  is  all  they  who  dwell  iu  its  valley  have  to  sell ;  and  whatever  they  buy,  they  buy  with  that  staple.  The 
commerce  of  such  a  basin,  therefore,  must  be  with  other  latitudes,  with  other  climates,  and  with  regions  which  afford 
cariety. 

On  the  contrary,  one  who  descends  a  river  that  runs  north  aud  south,  finds  his  climate  changing  day  by  day ; 
at  every  turn  new  plants  and  strange  auimals  meet  his  eye.    He  brings  with  him  from  its  headwaters  the  furs,  the 
cereal  grains,  and  a  variety  of  articles  (productions  of  the  north)  to  exchange  for  coffee  and  sugar  and  thd  sweets  of 
the  south,  which  are  gathered  on  its  banks  below. 

It  is  the  business  of  commerce  to  administer  to  the  faucies  as  well  as  the  necessities  of  man ;  she  therefore  delights 
iu  variety  of  climate  and  assortments  of  merchandise.  It  is  owing  to  the  diversity  of  climate  and  production  afforded 
by  the  States  of  this  Union  and  to  the  facilities  of  intercourse  with  them  that  the  trade  of  a  single  State,  as  Massa- 
chusetts, with  the  rest,  excee<ls  in  value  the  entire  foreign  commerce  of  the  whole  country  with  all  the  world  besides. 
The  pursuits  of  commerce  abound  in  secrets  of  high  import  to  the  happiness  of  man ;  an  easy  communication  from 
the  Gulf  to  the  Pacific  is  the  key  to  some  of  them. 

''As  the  external  face  of  continents,"  says  Humboldt,  ''in  the  varied  aud  deeply  indented  outline  of  their 
coasts,  exercises  a  beneficial  influence  on  climate,  trade,  and  the  progress  of  civilisation,  so  also  in  the  interior,  its 
variations  of  form  in  the  vertical  direction,  by  mountains,  hills  and  valleys,  and  elevated  plains,  have  conseqmences 
no  less  important.  Whatever  causes  diversity  of  form  or  feature  on  the  surface  of  our  planet-mountains,  great  lakes, 
grassy  steppes,  and  even  deserts  surrounded  by  a  coast  line  margin  of  forest,  impresses  some  peculiar  mark  or  charac- 
ter on  the  social  state  of  its  inhabitants." 

Our  lofty  mountain  chains  and  majestic  water-courses  have  served,  according  to  the  same  great  philosopher,  to 
furnish  a  more  beautiful  and  rich  variety  of  individual  forms,  and  to  rescue  the  face  of  the  continent  from  that  dreary 
uniformity,*  which  tendB  so  much  to  impoverish  both  the  physical  and  intellettual  powers  of  man. 

Had  the  Missouri  River,  after  taking  its  rise  under  the  Rocky  Mountains  and  uniting  with  the  Mississippi,  held 
its  course  eastward  until  their  waters  were  emptied  ii^to  Long  Island  Sound,  how  different  would  have  been  the  present 
condition  of  these  United  States ;  had  the  drainftg®  ^^  ^^^  country  been  in  this  direction,  the  Gulf  of  Mexico  would  have 
been  as  a  stagnant  pool,  and  we  should  l^»  b^^  ^  indifferent  to  New  Orleans  and  the  purchase  of  Louisiana,  as 
we  now  are  to  Merida  aud  Yucatan.    B^  ^^l^e  Mississippi  River  runs  from  north  to  south,  it  is  one  of  the  strongest 

of  the  bonds  which  hold  this  Union  of  ^^^     .    jfetber. 

All  the  great  rivers  of  the  Unitoij  ^tC^     \'e  w^o^^^y  within  the  temperate  isone.    Their  basins  are  spread  gut 

H.  Ex,  107 ,30  \tea  ^' 
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under  climates  which  call  for  the  highest  energies  of  man.  Dwelling  in  snch  regions,  he  is  constrained  to  be  dili- 
gent; to  labor;  to  be  pradent ;  to  gather  into  bams;  to  study  the  great  book  of  nature;  to  observe  her  laws ;  and, 
whilst  it  is  summer,  to  take  thought  for  the  winter. 

The  perpetual  summer  of  the  tropics  presents  no  such  alternatives.  On  the  same  tree  may  be  seen  the  bud,  the 
flower,  and  the  ripe  fruit.  Here,  therefore,  nature  urges  no  such  necessities,  imposes  no  such  tasks,  and  savage  man 
is  as  careless  of  the  morrow  as  are  the  lilies  of  the  field.  The  people  of  the  two  climates  are,  therefore,  different. 
Frequent  intercourse  between  them  will  improve  the  character  of  each,  and  the  most  ready  channels  for  such  com- 
munication are  afforded  by  the  rivers  that  run  north  or  south.  With  the  exception  of  the  Nile,  the  general  direction 
of  all  the  rivers  of  Africa  is  east  or  west ;  and  not  one  of  their  valleys,  except  the  valley  of  the  Nile,  has  ever  been 
the  abode  of  civilized  man. 

Civilized  society  cannot  be  stationary.  Vacuity  is  not  more  abhorrent  to  nature  than  is  a  state  of  rest,  either 
in  the  moral  or  the  physical  world.  The  materials  of  the  latter  she  has  divided  into  ponderables  and  imponderables, 
and  invested  them  with  antagonistic  principles.  By  the  action  of  light,  heat,  and  electricity  upon  ponderable  matter 
**  the  morning  stars  were  first  made  to  sing  together,''  the  earth  is  clothed  with  verdure,  the  waves  lift  up  their  voice, 
and  the  round  world  is  made  to  rejoice.  She  hais  divided  the  former  into  animal  and  spiritual,  and  they  are  antago- 
nistics — the  one  elevating,  the  other  depressing  man  in  the  scale  of  being.  When  his  course  ceases  to  be  upward 
and  onward,  the  spirit  yields  to  the  animal;  virtue  gives  way  to  vice;  the  force  of  evil  prevails,  and  the  course  of 
men  in  their  social  state  is  no  longer  onward  and  upward,  but  backward  and  downward.  The  sphere  that  lags 
behind  in  its  course  is  hurled  from  its  orbit.  History  bears  witness  to  the  fact  that  when  nations  cease  to  rise  they 
begin  to  fall.  The  laws  of  nature  are  her  agents ;  they  cannot  act  and  be  still ;  action  implies  motion ;  nature  herself 
is  all  life  and  activity;  she  knows  no  rest,  brooks  no  pause,  either  for  her  moral  or  her  physical  agents.  Wise  men 
say  she  has  attached  a  curse  to  standing  still.  This  is  German  philosophy ;  but  the  idea  is  beautiful,  because  it  is 
true.  We  want  the  stimulants  to  energy,  the  incentives  to  enterprise  which  a  highway* across  the  Isthmus  is  to  give, 
to  urge  men  to  the  high  destinies  which  await  us.  The  energies  of  the  country  are  great ;  they  require  highways  to 
^he  Pacific  to  give  them  scope  and  play. 

On  account  of  this  central  sea,  and  its  system  of  winds  and  currents ;  on  account  of  the  course  of  the  rivers 
which  run  into  it,  and  the  direction  of  the  mountain  ranges  that  traverse  the  continent ;  and  on  account  of  the  char- 
acter and  extent  of  the  river  basins  and  other  geographical  features  with  us,  the  Old  World  affords  no  parallel,  either 
in  history  or  example,  by  which  to  Judge  of  the  destinies  of  this  country.  Our  mountain  ranges  are  longer,  our  rivers 
are  more  mijestic,  our  valleys  are  broader,  our  climates  are  more  varied,  our  productions  are  more  diversified  here 
than  they  are  there. 

The  wheat  harvest  on  the  Lower  Mississippi  commences  in  June,  and  in  the  upper  country  Christmas  is  at  hand 
before  the  com  crop  is  all  gathered  in.  Thus  we  have  in  the  valley  of  this  majestic  water-course  a  continued  succes- 
sion of  harvests  during  more  than  half  the  year.  In  the  other  hemisphere  the  seasons  are  reversed ;  and  on  the  banks 
of  the  southern  tributaries  to  our  central  sea,  reapers  are  in  the  field  during  the  remainder  of  the  year.  A  sea  which 
is  the  natural  outlet  to  the  market  of  the  fruits  of  regions  where  seasons  are  reversed  and  the  harvest  is  perennial  is 
nowhere  else  to  be  found. 

Snch  advantages,  both  moral  and  physical,  such  means  of  power,  wealth,  and  greatness  as  have  been  vouchsafed 
to  us,  no  nation  has  ever  been  permitted  to  enjoy.  We  have  already  more  works  of  internal  improvement,  a  greater 
length  of  railroad  and  canal,  built  and  building,  and  of  river  courses  open  to  navigation — more  of  the  buds  and  blos- 
soms of  true  greatness  than  all  the  world  besides.  In  these  facts  we  see  the  effect  of  geographical  features,  as  well  as 
of  free  institutions. 

As  a  general  rule,  our  railroads  and  rivers  are  at  right  angles  in  their  courses.  In  the  New  England  States,  where 
the  rivers  run  south,  the  railroads  run  east  and  west ;  in  the  Middle  and  Southern  States,  where  the  water-courses 
run  eastwardly,  the  railroads  take  a  more  northwardly  direction.  Rivers  run  from  the  mountains  to  sea ;  railroads 
run  across  the  mountains.    They  go  from  valley  to  valley. 

In  calculating  the  sources  of  the  national  wealth,  prosperity,  and  greatness  which  are  contained  for  this  country 
in  river  basins,  central  sea,  mountain  ranges,  water-courses,  and  geographical  features,  the  lights  of  history  are  of  no 
avaiL  Ton  may  prepare  the  canvas  and  make  ready  the  easel,  but  colors  that  are  bright  enough  for  the  features 
cannot  be  found.  The  exceeding  great  resources  of  our  Mediterranean  beggars  description.  We  know  that  other 
places  with  the  elements  of  conmierce  in  far  more  scanty  proportions,  with  facilities  less  abundant,  and  obstacles 
far  greater,  have  grown  opulent  and  obtained  renown  in  the  world.  While  one  calls  to  mind  the  history  of  such  places, 
he  feels  that  here  is  room  and  scope  enough  for  individual  wealth  far  more  dazzling,  for  national  greatness  far  more 
imposing,  and  a  renown  far  more  glorious. 

From  all  this  one  is  led  to  the  conclusion  that  the  time  is  rapidly  approaching,  if  it  have  not  already  arrived, 
when  the  Atlantic  and  Pacific  must  Join  hands  across  the  Isthmus.  I  have  shown  that  there  is  no  sea  in  the  world 
which  is  possessed  of  so  much  importance  as  this  southern  sea  of  ours ;  that  with  its  succession  of  harvests  there  is, 
from  some  one  or  other  of  its  river  basins,  a  crop  always  on  the  way  to  market ;  that  it  has  for  back  country  a  conti- 
nent at  the  north  and  another  at  the  south,  and  a  world  both  to  the  east  and  the  west.  I  have  shown  that  it  is  contig- 
uous to  the  two  first,  and  convenient  to  them  all.  The  three  great  outlets  of  commerce,  the  delta  of  the  Mississippi, 
the  mouths  of  the  Hudson  and  the  Amazon,  are  all  within  2,000  miles— ten  days'  sail — of  Darien.  It  is  the  barrier 
which  separatee  us  from  six  hundred  millions  of  people— three-fourths  of  the  population  of  the  earth.  Break  it  down, 
therefore,  and  this  country  is  placed  midway  between  Europe  and  Asia ;  this  sea  becomes  the  center  of  the  world 
and  the  focus  of  the  world's  commerce.    Open  this  as  a  highway,  and  you  will  give  vent  to  commerce,  scope  to  energy, 
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and  range  to  enterprise,  whicli  in  a  few  years  hence  will  make  gay  with  st^am  and  canvas  parts  of  the  ocean  that  are 
now  unfrequented  and  almost  unknown.  Old  channels  of  trade  will  he  hroken  up  and  new  ones  opened.  I  greatly 
desire  to  see  our  country  the  standard-hearer  in  this  great  work. 

The  railroad  across  the  Isthmus  of  Panama  will  speedily  lead  to  the  construction  of  a  ship-canal  hetween  the 
two  oceans,  for  a  railroad  cannot  do  the  husiness  which  commerce  will  require  for  it }  and  hy  showing  to  the  world 
how  immense  this  business  is,  men  will  come  from  the  four  quarters  to  urge  with  purse  and  tongue  the  constructiooi 
of  a  ship-canal. 

The  two  shores  of  the  Atlantic  have  been  brought  nearer  together  by  means  quite  different  from  those  proposecl 
for  uniting  the  Atlantic  and  Pacific  Oceans.  In  both  cases  there  is  a  saving  of  time,  with  increased  facilities  of  com« 
merce.  The  Atlantic  has  been  narrowed  so  as  to  practically  bring  America  within  two  weeks  of  Europe,  instead  of 
having  them  as  many  months  apart,  as  they  formerly  were.  Whether  this  has  been  done  by  railroad  or  canal,  or  by 
the  improvements  of  the  age  and  the  enterprise  of  man,  the  effect,  so  far  as  the  saving  of  time  and  the  advantages  to 
intercourse  resulting  therefrom,  is  the  sa^ne. 

Now  let  me  call  to  your  mind  the  benefits  that  our  people  and  the  world  have  derived  in  consequence  of  bringing 
the  two  shores  of  the  Atlantic  closer  together,  that  you  may  better  judge  as  to  the  effects  of  the  proposed  connection 
with  the  Pacific. 

.  Rightly  to  appreciate  these  benefits,  which  it  required  ages  to  bestow,  it  is  necessary  to  contrast  our  present 
condition  with  what  it  would  have  been  under  the  old  state  of  things,  when  ''coward  commerce''  crept  along  the 
frightful  shores  and  scarce  had  nerve  or  strength  of  wing  to  venture  out  upon  the  blue  water ;  when  ships  were  tubs 
at  sea  that  found  it  as  much  as  they  could  do  to  average  fifty  miles  a  day,  even  under  a  press  of  canvas ;  when,  for 
want  of  roads  and  canals,  the  fruits  of  the  earth  could  only  with  great  difficulty  and  expense  be  conveyed  to  market. 
Less  than  two  hundred  years  ago  the  roads  in  Eugland  were  so  bad,  the  difficulties  of  communication  so  great,  that 
entire  crops  were  sometimes  suffered  to  rot  in  one  place,  while  in  another  place,  distant  only  a  few  miles,  the  supply 
fell  far  short  of  the  demand.*  No  marvel,  then,  that  plagues,  pestilence,  and  famine  were  common  in  those  days, 
and  that  great  nations  were  eager  to  have  access  by  sea  to  the  mouths  of  large  rivers ;  for  navigable  rivers  were,  and 
still  are,  the  most  ready  channels  for  conveying  the  surplus  product  of  their  basins  to  market.  What  would  the  com- 
merce of  the  country  now  be  worth,  what  would  its  maritime  consequence,  its  wealth,  its  power,  its  greatness  now 
l>e,  in  comparison  to  what  they  are,  had  the  passage  of  the  Atlantic  been  as  tedious,  the  difficulties  in  navigating  it 
as  great,  and  the  obstacles  iu  the  way  of  trade  and  commerce  as  formidable  now,  both  by  land  and  water,  as  they 
were  a  century  back?  The  very  causes  which  have  contributed  to  remove  them  and  shorten  the  passage  across  the 
Atlantic  are  so  important,  by  reason  of  their  effects  upon  the  condition  of  men  and  nations,  that  the  great  Humboldt, 
in  his  admirable  Cosmos,  considers  them  as  constituting  an  epoch  in  the  history  of  the  universe. 

According  to  him,  the  discoveries  and  improvements  of  navigation,  the  use  of  the  compass,  the  variation  of  the 
needle,  the  log,  chronometers,  the  means  of  determining  the  place  of  the  ship  at  sea,  improvements  in  shipbuilding, 
the  introduction  of  steam  in  ocean  navigation,  and  the  like,  ought  all  to  be  regarded  as  exerting  a  favorable  influence 
in  bringing  within  the  reach  of  civilization  and  the  Christian  religion  all  parts  of  the  earth's  surface,  and  in  shaping 
the  fortunes  of  men — the  destiny  of  nations.  These  causes  have  been  ages  in  producing  their  effects,  and  the  epoch 
is  spread  over  centuries;  the  obstacles  which  ignorance  and  prejudice,  the  trammels  which  unwise  laws  and  blighting 
monopolies  place  in  the  way  of  commerce  had  all  to  be  removed  before  the  passage  of  the  Atlantic  could  be  narrowed 
down  to  its  present  limits.  But  here  the  means  are  different ;  a  continent  is  to  be  cut  in  twain,  and  the  four  quarters 
of  the  globe  are  brought  in  closer  proximity  per  saltum.  The  task  is  easier ;  the  people  are  ripe  for  it ;  the  husband* 
man  who  supplies  commerce  with  her  staples  is  enlightened  and  free ;  mechanics  are  all-powerful  with  their  achieve- 
ments ;  the  principles  of  free  trade  have  gained  strength ;  the  blossoms  of  civilization,  sheltered  by  wise  laws  and  free 
institutious,  have  unfolded  themselves  vigorously ;  everything  but  Congressional  action  conspires  to  make  the  work 
easy. 

Progression  and  improvement  are  the  order  of  the  day.  Instead  of  throwing  obstacles  in  the  way  of  commerce, 
the  spirit  of  the  age  demands  for  it  every  facility  that  is  calculated  to  promote  friendly  contact  and  free  intercourse 
among  nations.  Great  revolutions  in  trade  are  to  follow  the  separation  of  the  two  parts  of  the  continent,  whether  by 
railroad  or  ship-canal.  Let  us  consider  some  of  the  most  obvious  results,  but  by  no  means,  therefore,  the  most  impor^ 
taut,  that  are  to  arise  from  it.  At  present  the  whale  fishery  is  the  most  important  branch  of  business  which  the  citizens 
of  the  United  States  carry  on  over  the  waters  of  the  Pacific.  The  floating  capital  annually  employed  iu  it  does  not 
fall  much  short  of  fifteen  millions  of  dollars.  ^ 

It  so  happens  we  have  cruised  over  the  Pacific  for  a  number  of  years,  that  we  have  seen  much  of  whalers, 
and  eiyoyed  rare  opportunities  for  obtaining  statistics  and  other  information  touching  this  interest.  Here  is  some 
of  it: 

According  to  the  Whaleman's  Shipping  List  of  January  9,  1849,  published  at  New  Bedford,  there  are,  at  this 
time,  out  upon  the  high  seas  a  whaling  fieet  of  six  hundred  and  thirteen  sail,  carrying  in  round  numbers  200,000  tons. 

^Macanlay's  History  of  England. 
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We  subjoin  a  comparative  statenienty  drawn  from  the  same  authority,  as  to  the  quantity  of  bone  and  oil  (sperm  and 
right)  imported  for  the  last  nine  years : 


Imports  for— 


Sperm  oil.    I    Whale  oil. 


Bone. 


Barrett. 


Barrels. 


Pounds. 


1848. 
1847. 
1846. 
1845. 
1844. 
1843. 
1842. 
1841. 
1840. 


Total  for  nine  years. . . . 
Average  for  nine  years 


107,976 

208,856 

2,008,000 

120,753 

313, 150 

8, 341, 680 

95, 217 

207,493 

2,276,939 

157, 917 

272,730 

3, 167, 142 

139, 594 

262,047 

2, 532, 445 

166,985 

206,727 

2,000,000 

165,637 

1«,041 

1,600,000 

159.204 

297,348 

2.000,000 

157, 791 

207, 908 

2,000,000 

1, 271, 171 

2, 047, 300 

20, 926, 206 

141, 242 

235, 456 

2, 324, 578 

The  present  value  of  sperm  oil  is  $1.40  per  gallon,  but  usually  about  $1,  equal  to  $32  per  barrel;  the  value  of 
whale  oil,  $10.50  per  barrel;  and  of  bone,  33  cents  per  pound;  equal  to  $4,519,744  for  the  average  of  sperm,  $2,472,288 
for  whale,  and  $367,110  for  bone  ;  total,  $7,356,142  annually  fished  up  out  of  the  sea.  This  is  a  sum  far  greater  than  that 
which  is  annually  gathered  for  commerce  out  of  all  our  magnificent  forests. 

We  are  not  able  to  state  the  precise  number  of  vessels  employed  in  the  Pacific,  or  how  much  of  this  seven  mill- 
ions and  a  third  should  be  credited  to  that  ocean,  though  in  1846  there  were  two  hundred  and  ninety-two  vessels 
fishing  on  the  northwest  coast  alone,  and  they  took  while  there  253,500  barrels  of  oil.  We  may  safely  assume  that 
two-thirds  of  the  whole  number  of  vessels  engaged  are  employed  in  the  Pacific,  and  that  three-fourths  the  oil  taken 
comes  thence,  for  the  vessels  in  the  Pacific  are  larger  than  those  in  the  Atlantic  fishery.  This  would  give  for  the 
Pacific,  in  round  numbers,  four  hundred  vessels,  yielding  annually  five  millions  and  a  half  of  money. 

The  cost  of  outfit  and  vessels  for  this  fleet  is  about  $28,000  per  vessel ;  the  average  length  of  a  voyage  (mean  of 
right  and  sperm  whalers)  is  three  years,  of  which  one-third  is  lost  in  going  and  returning  from  whaling  grounds, 
laying  in  port  to  recooper,  refresh,  etc.,  leaving  but  two  years  of  actual  fishing,  or  eight  months  in  twelve.  The 
rate  of  insurance  upon  vessels  and  outfits  is  3  per  cent,  per  annum,  and  the  legal  interest  upon  the  money  invested  in 
ships  and  outfits,  which  make  no  return  until  the  end  of  the  voyage,  is  6  per  cent.  The  loss  of  oil  by  leakage  is  5 
per  cent,  during  the  voyage. 

Now,  Panama  is  on  the  confines  of  one  of  the  most  valuable  whaling  grounds  in  the  Pacific.  In  that  vicinity 
and  near  the  Gallapagos  Islands  the  sperm  whale  resorts  in  large  numbers,  and  if  a  railroad  or  ship-canal  were 
constructed  across  the  Isthmus,  it  would  vastly  benefit  this  interest,  in  which  there  is  a  floating  capital  greater  than 
that  employed  in  all  our  commerce  with  China  an<l  the  ports  aii«l  countries  bordorinjr  on  the  Pacific  and  Indian 
Oceans  put  together.  ^ 

If  this  oil,  then,  instead  of  remaining  on  board  the  vessel  from  one  to  two  years  (for  that  which  is  taken  the 
first  year  remains  on  board  two  years,  and  that  which  is  taken  the  second,  one  year)  as  dead  capital,  could  be  sent 
home  across  the  Isthmus  at  reasonable  tolls,  the  ccaiiis  would  be  great,  for  there  would  be  a  saving  both  of  time  and 
substance ;  the  leakage  would  amount  to  but  1  per  cent,  instead  of  5 ;  half  the  time,  at  least,  that  is  now  employed 
in  consequence  of  having  to  desert  the  whales  to  cooper  the  oil,  refit,  and  refresh  would  be  saved ;  the  whaling  year 
might  be  made  to  consist  of  t«n  instead  of  eight  months,  with,  of  course,  a  proportional  increase  of  profits  on  the 
original  outlay  for  additional  two  months  of  fishing ;  the  vessels  employed  in  the  business,  instead  of  being  large 
ships,  capable  of  holding  2,800  barrels — the  proceeds  of  three  years— would  be  small  ships,  capable  of  holding  only 
one  year's  gathering;  and  the  cost  of  smaller  vessels,  say  one-third  the  size  of  those  now  employed,  instead  of  run- 
ning up  to  $28,000  each  for  vessel  and  outfit,  would,  by  a  liberal  estimate,  1>e  brought  down  within  half  that  sum. 
Estimating  the  charge  per  ton  for  storage,  freight,  and  handling  at  the  enormous  rate  of  $20,  or  $2  per  barrel,  across 
the  Isthmus  (this  is  20  cents  per  ton  per  mile  over  railroad),  and  the  freight  thence  to  the  United  States  to  be  $1  per 
barrel,  or  $10  per  ton,  the  following  comparative  statement  is  obtained,  in  illustration  of  the  importance  to  this  interest 
alone  of  such  a  communication  : 

C08T,  OUTFITS,   AND  EXPENSES  OF  VESSELS  ON  A  TilKKR  VEAlts'  WHALING  VOYAGE  IN  THE  PACIFIC  OCEAN. 

Cost  of  four  hundred  vessels  of  2,800  barrels,  at  $28,000 $11,200,000 

Six  per  cent,  interest  on  same  for  one  year 672, 000 

Three  per  cent,  insurance  on  same  for  one  year 336,000 

Ten  per  cent,  wear  and  tear  on  costs  and  outfits 1,120,000 

Two  years'  interest  on  $1,833,333,  being  one-^third  of  the  value  of  the  oil  taken  during 

three  years,  of  which  one-third  is  kept  en  board  ship,  dead  capital,  for  two  years. . .  220, 000 

One  year's  interest  on  oil  taken  second  year 110,000 

Leakage,  being  4  per  cent,  on  $5,500,000 220,000 

Annual  average  disbursement  per  ship,  $2,000 800,000 

Original  outlay  and  expenses  for  one  year's  whaling  in  the  Pacific 14, 678, 000 
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Credits  and  Receipts. 

Value  of  vessels  and  outfits  after  one  yearns  wear  and  tear |10, 080, 000 

Value  of  cargoes  returned 5,500,000 

$15, 580, 000 

Gross  profits 902,000 

Per  contra :  Suppose  a  communication  across  the  Isthmus,  and  the  whaling  business  to  be  revolutionized  by  the 
Bubstltntion  of  vessels  of  due-third  the  present  size  and  half  the  cost,  and  by  sending  the  oil  home  once  a  year : 

Cost  of  four  hundred  vessels  of  933  tons,  at  $14,000 $5,600,000 

Six  per  cent,  interest  on  same  for  one  year 336, 000 

Three  per  cent,  insurance 168,000 

Ten  per  cent,  wear  and  tear « 560,000 

Annual  disbursements  per  ship,  |1,000 400,000 

Loss  by  leakage,  1  percent,  on  $6,875,000 68,750 

Freight,  etc.,  over  railroad,  of  48,240  tons,  at  $20  per  ton 970,800 

Freights  thence  home,  at  $10  per  ton 485,400 

Original  outlay  and  expenses  of  whaling  one  year,  and  sending  proceeds  home  by 

Panama  railroad 8,588,950 

Credits  and  Receipts. 

Value  of  vessels  and  outfits,  deducting  one  year's  wear  and  tear $5, 040, 000 

Value  of  bone  and  oil  collected  by  fishing  ten  months  instead  of  eight 

months .•  6,875,000 

1 1, 915, 000 

Gross  profits  via  railroad 3,326,050 

Gross  profits  around  Cape  Horn 902, 000 

Margin  in  favor  of  the  Panama  Railroad,  on  account  of  the  whaling 

business 2,424,050 

Two  millions  and  a  half  is  a  large  margin,  but  there  is  room  for  a  larger  margin.  Whether  the  national  wealth 
would  be  increased  to  the  full  exient  of  it  or  not,  it  is  evident  from  the  exhibit  that  the  communication  in  reference 
to  this  one  interest  alone  is  of  sufficient  national  importance  and  magnitufie  to  command  the  most  attentive  consider- 
ation.    The  prospect  of  gain  is,  to  say  the  least,  inviting. 

It  has  been  the  policy  and  practice  of  the  United  States,  acknowledged  at  an  early  day,  and  carried  out  fur 
many  years,  to  encourage  nurseries  for  seamen;  with  this  view,  bounties  are  given  to  the  cod  and  mackerel  fisher- 
men, and  the  sum  paid  them  from  first  to  last  as  '^  fishing  bounties  **  would  be  quite  sufficient  to  lay  double  tracks  of 
railroad  across  the  Isthmus.  The  whale  fishery  is  by  far  a  more  valuable  nursery  than  those  of  the  Grand  Banks  of 
Newfoundland  for  seamen,  and  it  has  never  received  any  bounties  or  direct  encouragement  whatever.  It  has  been 
left  very  much  to  itself.  You  recollect  the  fact,  and  I  mention  it  in  this  communication  with  some  feeling  of  pride, 
that  **  Old  Ironsides"  and  the  "  United  States,"  in  the  last  war,  were  both  manned  and  fought  principally  by  Marble- 
head  men — New  England  whalemen  they  were. 

Other  great  interests  of  state,  no  less  than  this,  require  su(Ai  legislation  as  the  Constitution  allows,  and  is  neces- 
sary to  insure  the  early  completion  of  this  road. 

Mexico  is  protecting  the  manufacture  of  coarse  cottons,  known  as  iuouyas^  and  is  seeking  by  this  means  to  make 
Guadalajara  her  Lowell.  Formerly  the  raw  material  from  this  country  was  sent  around  Cape  Horn.  Cotton  is 
indigenous  to  Peru.  There  it  bolls  aud  opens  all  the  year,  and  our  merchants  have  discovered,  by  encouraging  the 
Peruvians  in  the  cultivation  of  this  staple,  it  is  their  interest  to  send  other  cargoes  in  their  ships  around  Cape  Horn, 
exchange  them  for  the  cotton  of  Payta  and  Lambayeque,  and  take  that  to  Guadalajara.  During  the  last  year,  10,000 
bales  were  taken  from  these  two  ports  by  American  ships  alone  to  Mexico.  This  is  quite  as  great  as  the  exports  of 
cotton  from  the  United  States  were  fifty  years  ago,  and  the  demand  is  on  the  increase.  It  is  dangerous  to  foster  in  a 
foreign  country  any  rivalry,  however  humble  in  the  beginning,  to  great  national  staples.  The  freight  on  cotton 
around  Cape  Horn  is  $25  the  ton ;  with  this  Panama  railroad  it  would  be  from  New  Orleans  less  than  one-third  that 
sum. 

Costa  Rica,  on  the  Pacific,  produces  sugar  and  the  finest  cofiee.  They  are  exported  to  Chili  and  Peru.  The 
voyage  around  Cape  Horn,  and  other  conditions  of  commerce,  exclude  them  from  our  markets.  A  railroad  across  the 
Isthmus  would  bring  New  Orleans  within  two  weeks  of  these  coffee  and  sugar  plantations.  Thus  it  would  bring  a 
new  market  into  competition  with  the  cofifee  of  Brazil  and  the  sugar  of  the  West  Indies. 

I  have  investigated  the  subject  of  freights  around  Cape  Horn,  and  have  collected  statistics,  that  I  might  form  an 
opinion  as  to  the  probable  cost  of  transportation  of  merchandise  via  Panama  railway  and  via  * '  the  Horn  "  to  the  ports  of 
the  Pacific— say  to  Lima  in  Peru.  I  have  supposed  the  freight  over  the  Panama  road  will  be  at  least  double  the 
usual  rates  in  this  country,  and  have  taken  it  at  10  cents  per  ton  per  mile.    The  conclusioivJs  that  a  cargo  of  mer* 
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APPENDIX   D. 


[From  United  States  CoMt  Survey  Report  for  1874.  ] 

Appendix  No.  12. 

report  on  an  inspection  of  the  terminal  points  of  the  proposed  canals  through 
nicaragua  and  the  isthmus  of  darien,  by  professor  h,  mitchell,  united  states 
coast  survey. 

GREYTOWN  (SAN  JUAN  DEL  NORTE). 

The  exaiuiuatiou  of  the  coast  in  the  immediate  neighborhood  of  Greytown  and  tb^  outlets  of  the  (lOwer  San 
Juan  Biyer  has  satisfied  me  that  a  reconstr action  of  the  harbor  is  practicable.  This  conclusion  is  based  upon  a  par- 
ticular conception  of  the  causes  which  led  to  the  destruction  of  the  old  port,  and  a  conviction  that  these  causes,  still 
active,  may  be  successfully  resisted  by  artificial  works.  I  quote  the  followiug  from  the  Report  of  the  Committee  of 
the  National  Academy,  made  in  1866  : 

History  of  Greytown  Harbor. — *^The  earliest  source  of  information  that  we  feel  warranted  in  using  is  the  sketch 
to  be  found  in  Mr.  Molina's  work  upon  Costa  Rica,  which  is  based  upon  a  survey  by  George  Peacock  in  1832,  and  has 
additions  showing  the  progress  of  the  sands  of  Isla  Castilla  down  to  1848. 

^'In  1832,  five  fathoms  of  water  could  be  carried  from  sea  to  a  point  within  the  present  basiu  of  Greytown  Har- 
bor, through  an  opening  which  measures  If  miles  from  Isla  Castilla  to  the  west  shore.  At  that  time  the  avenue  to 
the  sea  was  toithout  a  bar,  and  the  regular  decline  of  the  bottom  along  the  seaward  channel-way  gave  no  indications 
of  the  action  of  scouring  forces.  There  was  no  depression  at  the  harbor's  mouth  and  no  accumulations  beyond  that 
seemed  in  any  way  to  be  a  dependency  upon  the  existence  of  the  basin  or  its  outlets.  The  shallow  ground  lying  along 
the  coast  outside  of  Isla  Castilla,  and  projecting  beyond  to  the  westward,  would  seem,  upon  Mr.  Molina's  sketch,  to 
be  a  concomitant  or  parallel  to  this  island  as  well  as  an  outwork  of  the  advance.  Subsequent  surveys,  however,  dis- 
golvo  this  apparent  connection  and  relation. 

''The  embouchure  of  the  Lower  San  Juan  River  is  found  in  this  first  survey  at  the  head  of  the  anchorage  basin, 
and  the  deposits  of  that  stream  appear  to  be  nearly  two  miles  within  the  harbor's  mouth. 

''Between  1832  and  1834  a  movement  o/  the  sands  to  the  westward  occurred,  which  extended  the  point  of  Isla 
Castilla  about  456  feet  per  annum.  This  extension  took  the  form  of  a  hook.  From  1834  to  1835  the  point  advanced 
608  feet.  Four  years  later,  in  1839,  it  was  found  to  have  advanced  1,065  feet,  or  at  the  rate  of  266  feet  per  annum. 
Between  1839  and  1840  it  advanced  about  400  feet.  Between  1840  and  1848,  a  space  of  nearly  eight  years,  it  advanced 
221  feet  per  year,  and  in  the  next  succeeding  ten  months  913  feet  were  added,  or  the  beach  grew  at  the  rate  of  nearly 
1,100  feet  per  annum.  The  harbor  as  a  protection  to  shipping  had  been  improving  up  to  the  last  date  upon  Mr. 
Molina's  sketch,  but  its  opening  from  the  sea  had  become  reduced  to  about  0.8  of  a  mile,  a  loss  of  over  50  per  cent. 

"In  1853,  we  find  the  month  of  the  harbor,  measured  upon  the  same  line  as  before,  reduced  to  0.52  of  a  mile,  a 
reduction  of  35  per  cent,  since  1848.  In  this  period  of  four  and  a  half  years,  the  sand- spit  mWe  an  average  annual 
advance  of  401  feet.  The  physical  character  of  the  harbor  had  thus  far  undergone  no  change ;  the  same  good  depth  of 
water  could  be  carried  in ;  the  same  gradual  decline  of  the  bottom  to  seaward  was  preserved,  and  no  bar  or  shoal  lay 
in  front.  The  point  of  Isla  Castilla  called  on  this  more  recent  map  Punta  Arenas,  had  been  made  across  the  floor  of 
the  sea  by  sands  thrown  in  from  above,  not  scoured  from  the  bottom ;  it  was  built  out  like  a  mole,  the  material  taking 
nearly  its  natural  slope,  and  not  sufifering  waste  under  the  action  of  any  currents  from  within.  In  this  chart  of  1853, 
an  opening  through  the  beach  is  found  about  at  the  extremity  of  the  Castilla  of  1832.  As  a  physical  feature  it  does 
not  yet  seem  important. 

"  The  survey  of  1856  found  the  dry  portion  of  Point  Arenas  advanced  nearly  due  south  from  its  position  in  1853, 
and  a  gradual  shoaling-off  to  the  westward,  reducing  the  harbor's  mouth  to  0.3  of  a  mile.  At  this  time  the  point  was 
broad  and  hooked.    The  same  depth  of  water  could  be  carried  in  as  formerly,  and  no  bar  was  found  outside. 

"  Between  October,  1856,  and  January,  1859,  two  and  a  quarter  years,  Point  Arenas  advanced  to  the  southwest 
1,156  feet,  or  at  the  rate  of  about  514  per  annum.  Even  as  late  as  1859,  when  the  harbor's  mouth  was  reduced  to  0.13 
of  a  mile,  the  only  trace  of  any  action  from  within  was  the  retreat  of  the  18-feet  line  on  the  west  shore. 

"According  to  a  note  upon  the  British  chart,  the  entrance  was  reduced  to  300  feet  in  1861 ;  while,  in  January, 
1865,  Captain  Jones,  of  Her  Mi^J^T's  ^^ip  Shannon^  reports  that  the  entrance  has  a  bar  across  it  after  a  norther, 
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though  after  a  continuance  of  fine  weather  the  scour  of  the  river  increases  the  depth  to  8  or  10  feet.    The  passage  on 
the  opposite  side  has  also  reduced  to  50  or  60  yards. 

"Our  final  authority  is  the  survey  made  under  the  direction  of  Captain  P.  C.  F.  West,  who  hrought  to  the  field 
the  skill  and  accuracy  of  long  experience  in  the  Coast  Survey,  to  which  corps  he  now  belongs. 

"  In  this  survey,  made  in  February,  1865,  the  change  in  the  physical  character  of  the  harbor,  shadowed  forth  in 
the  note  that  we  quoted  from  the  British  chart,  is  confirmed.  The  anchorage  has  become  a  lagoon,  with  an  uncertain 
inlet.  Between  Point  Arenas  and  the  opposite  shore  a  depression  of  20  feet  is  found,  to  reach  which  17^  feet  must  be 
passed  in  the  approach  from  the  harbor  and  8  feet  in  the  approach  from  the  sea.  Here  we  have  the  depression  ai  the 
opening  and  the  bar  outside,  which  are  the  characteristics  of  a  true  inlet^  for  which  we  have  looked  in  vain  upon  the 
earlier  charts. 

"After  the  completion  of  the  general  survey.  Captain  West's  party  found,  in  May,  that  the  opening  at  Greytown 
Harbor  had  closed,  and  that  a  breach  had  been  made  farther  to  the  westward.'' 

Causes  of  the  decline  and  final  destruction  of  the  harbor, — The  quotations  which  I  have  made  from  the  report  of  the 
Academy  indicate  somewhat  the  view  entertained  by  the  committee  regarding  the  causes  which  formed  and  ulti- 
mately destroyed  the  harbor ;  but  I  may  be  permitted  to  restate  the  matter  briefly  from  a  review  of  other  portions  of 
the  same  report. 

The  harbor  of  Greytown  was  originally  a  re-entrant  angle  or  cove,  lying  between  the  delta  of  the  San  Juan  River 
and  the  adjacent  coast  to  the  northwestward.  Near  the  head  of  this  cove  there  entered  an  ofiset  of  the  San  Juan 
River  (bearing  the  name  of  the  parent  stream  originally,  but  recently,  for  distinction,  called  the  Lower  San  Juan), 
which  formed  a  subsidiary  delta  of  its  own  within  the  cove. 

This  cove,  opening  to  the  northward,  was  in  the  course  of  time  converted  into  a  lagoon  by  a  mole  of  sand  driven 
across  the  mouth  by  the  waves  from  the  northeastward,  which  swept  past  the  outer  shore  of  the  main  delta.  It 
became  a  l|arbor  easy  of  entrance  and  perfect  in  shelter  at  the  intermediate  stage,  when  the  mole  had  reached  within 
a  couple  of  miles  of  the  main  shore  to  the  westward,  at  which  time  the  channel  way  from  the  basin  to  the  sea  was  in 
nowise  dependent  upon  the  outflow  of  the  Lower  San  .Tuau,  nor  upon  the  tides,  but  was  simply  an  avenue,  not  yet 
encroached  upon,  whose  bed  was  the  original  floor  of  the  ocean.  It  was  not  until  the  mole  had  nearly  crossed  to  the 
opposite  shore  that  the  river  outflow  and  the  tides  ])egttu  to  act  upon  the  bed  and  banks  of  the  outlet,  resisting  the 
absolute  closure  of  the  basin. 

Opposed  to  the  view  of  the  cawe  stated  above  is  auother,  quite  ditt'erent  in  charact-er,  which  has  been  urged  by 
nearly  all  the  engineers  who  have  visited  Nicaragua,  aud  is  not  to  be  ignored,  because,  if  it  is  the  correct  view,  it 
materially  alters  the  question  of  the  practicability  of  a  restoration,  or,  at  all  events,  modifies  the  plan  of  improve- 
ment. In  stating  this  opposite  theory  of  the  case,  I  shall,  as  nearly  as  I  can  remember,  repeat  the  words  of  Don  Max- 
imillian  Sonuenstern,  the  accomplished  engineer  of  Nicaragua. 

"  The  sand-bar  (Pnuta  Arenas)  which  now  separates  the  Greytown  hoHUi  from  the  sea  is  a  part  of  the  delta  of  the 
Lower  San  Juan  River,  and  is  formed  from  material  swept  down  this  river  in  floods.  In  former  times,  the  Lower  San 
Juan  received  a  much  larger  proportion  of  the  waters  of  the  parent  stream,  and  was  able  to  maintain  a  grand  opening 
to  the  sea;  but  recently  the  main  river  has  chosen  to  send  its  waters  to  the  sea  by  the  Colorado,  and  in  this  way  the 
Lower  San  Juan  has  been  deprived  of  the  power  of  pushing  its  debris  into  the  sea,  aud  thus  maintaining  a  ship-channel 
through  Punta  Arenas." 

I  think  I  have  stated  the  two  theories  fairly,  and  it  only  remains  to  add  a  few  considerations  which  have  con- 
firmed me  in  the  view  held  by  the  committee  of  the  academy : 

Ist.  Standing  upoi>  the  outer  beach  of  Punta  Arenas,  I  have  been  witness  to  the  movement  of  the  sand  to  the 
westward.  The  waves  drive  on  diagonally  (at  an  angle  of  45^),  carrying  up  the  strand  gravel,  shells,  &c.,  which,  ujton 
the  recoil,  are,  for  the  most  part,  carried  down  again  to  the  sea,  but  in  a  direction  normal  to  the  shore-line.  In  this 
way,  by  a  zigzag  movement,  the  sands,  &c.,  travel  slowly  along  the  coast,  and  pile  themselves  up  against  the  main 
shore  to  leeward.  It  is  precisely  the  same  movement  that  has  formed  Long  Point  at  Provincetown  and  Sandy  Hook 
at  New  York.  The  only  difference  is  that  at  Provincetown  or  New  York  we  have  the  mole  in  that  earlier  stage  of  its 
formation  at  which  it  acts  as  a  breakwater  and  not  a  barrier. 

In  the  interval  between  Captain  West's  survey  of  1865  and  that  of  Commander  Lull's  of  1872-'73,  there  accumu- 
lated upon  the  western  shore,  to  leetcard  of  the  inhts  through  which  the  river-waters  had  been  discharged,  over  twenty-five 
acres  of  dry  sands,  in  addition  to  that  found  by  Captain  West.  A  single  line  of  levels  over  these  sands,  made  by  Mr. 
Menocal  and  myself,  gave  6^  feet  summit  elevation  over  the  site  of  the  ship-channel  of  fifteen  years  ago. 

2d.  The  sands,  &c.,  composing  Punta  Arenas  are  like  many  other  beaches,  as  far  as  regards  the  size  of  the  grains, 
6lc.,  both  on  the  ocean  and  basin  sides.*  In  other  words,  the  mole  is  built  of  selected  material,  sifted  out  by  the  lon^- 
con tinned  action  of  the  sea — the  work,  not  of  a  few  years,  but  of  centuries  perhaps.  These  selections  have  been  made 
from  avast  deposit  of  mud,  of  which  they  form  an  exceetUngly  small  proportion.! 

3d.  The  once  grand  entrance  of  Greytown  could  not  have  been  maintained  by  the  San  Juan,  even  if  it  had  been 
the  only  avenue  of  discharge  from  the  main  artery.  One  has  only  to  divide  the  discharge  (measured  by  any  of  the 
engineers)  into  the  cross-sections  of  the  ship-channel  given  upon  the  old  charts,  to  discover  how  powerless  the  sea- 
ward flow  must  have  been.  From  the  best  computation  that  I  can  make  with  the  data  at  hand,  I  find  that  in  1832  the 
section  of  the  entrance  to  Greytown  was  seventy  times  the  area  that  we  have  now  in  the  Loyver  San  Juan  at  the  head 
of  the  passes;  eighteen  times  the  section  of  the  main  river  above  the  Colorado  in  dry  seasons;  and  seven  times  the  sec- 


*  The  graiiiB  are  smaller  than  those  of  Long  Island,  but  corrospond  pretty  well  with  those  of  Cape  Fear. 

t  Crosspeotions  run  by  Captain  Huer  apd  Lieatenant  Miller  gave  the  nsual  forms  of  profile  for  traveling-beaches. 
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tionB  of  the  main  river  in  '*  top-gallant  floods '\*    Even  as  late  as  1853,  the  section  at  the  entrance  to  Grey  town  Har- 
bor was  five  times  as  great  as  that  of  the  main  river. 

Tke  work  of  restoratUm. — Since  the  principal  element  in  the  scheme  of  reconstruction  is  the  amount  of  resistance 
to  be  offered  to  these  causes  of  obstruction  which  we  have  discussed  above,  it  may  be  important,  by  the  comparison  of 
the  two  last  surveys,  to  measure,  as  well  as  we  can,  how  much  work  ingurious  to  our  purpose  the  natural  forces  are 
doing. 

In  the  interval  between  Mr.  West's  survey  of  1865  and  Captain  Lull's  of  1872,  the  narrow  strip  of  beach  westward 
of  the  meridian  of  the  Greytown  Catholic  church  has  been  continually  modified  in  the  contest  between  the  waves  of 
the  sea  and  the  outflows  f^om  the  basin.  The  waves  driving  from  the  northeast  before  the  trade-winds  have  sought 
to  crowd  the  sands  directly  along  the  shore  to  the  south  westward,  while  the  pent-up  waters  of  the  basin  have  repeatedly 
burst  through  the  beach  and  forced  the  sands  seaward  at  the  successive  points  of  attack.  The  result  of  this  contest 
has  been  that  this  strip  of  beach  has  moved  to  the  northwestward  in  the  course  which  we  may  presume  to  be  that  of 
the  resultant  of  the  forces  at  work.  This  movement  has  enlarged  the  basin  superficially,  but  at  the  expense  of  its 
depth,  t 

Aside  from  the  sediments  of  the  river,  there  seem  to  have  been  accumulations  due  to  the  forcing-in  of  material 
from  outside  with  the  flood-cuirent  and  the  waves.  The  shoaling  amounts  to  an  average  of  2^  feet  by  comparison  of 
the  same  areas. 

Assuming  that  the  water-front  of  the  town  has  remained  unchaugedfor  the  distance  of  a  nautical  mile  westward 
of  the  Catholic  church,  I  have  been  able  to  bring  the  maps  of  1865  and  1872  together  pretty  well;  and  I  have  drawn  a 
north  and  south  line  (magnetic)  through  a  point  1,250  feet  west  of  the  church  to  define  (for  convenience)  the  eastern 
limit  of  the  basin.  In  the  interval  between  these  two  surveys,  there  has  been  a  decided  advance  of  the  bank  of  mud 
at  the  mouth  of  the  Lower  San  Juan.  The  comparison  of  the  maps  gives  this  about  40  acres ;  but  it  would  be  diffi- 
cult for  any  two  surveyors  to  agree  in  the  areas  of  these  banks,  because  their  limits  are  not  defined.  These  are 
**  drowned  lands,''  with  almost  imperceptible  slopes  toward  the  basin  at  many  points,  so  that  one  cannot  say  Just 
where  the  nominal  shore-line  should  be  placed.  There  is,  however,  no  doubt  of  there  having  been  a  considerable 
advance,  and  yet  tke  cubical  water-contents  of  the  hasin  have  declined  only  2  per  cent. 

The  change  in  the  area  of  dry  sand  is  likewise  no  criterion  forjudging  of  the  increase  of  the  mole  which  has  cut 
oft'  the  basin  from  the  sea.  One  might  suppose,  from  the  correspondence  of  areas  between  the  Punta  Arenas  of  Cap- 
tain West  and  that  of  English  charts  twenty  years  earlier,  that  the  advance  of  the  point  had  been  made  with  material 
robbed  from  older  parts  of  the  beach ;  the  strip  of  land  seeming  to  have  undergone  an  attenuation  as  it  crept  forward. 
A  comparison  of  soundings  outside,  however,  quickly  dissipates  this  impression,  and  shows  that  a  great  movement 
and  accumulation  of  sand  has  been  going  on  along  the  bottom  as  far  seaward  as  the  four-fathom  curve  at  least,  and 
that  the  fluctuations  of  the  dry  summit  are  unimportant  phenomena  physically. 

If  we  compare  the  space  which,  upon  Captain  West's  map,  lies  between  the  inside  shore-line  of  Punta  Arenas 
(continued  on  its  general  trend)  and  the  five-fathom  curve  outside,  with  the  same  actual  space  upon  Commander 
Lull's  map,  we  find  the  increase  of  dry  beach  about  fifty-two  acres,  which,  at  its  average  height,  about  3  feet,  would 
represent  only  about  a  quarter  of  a  million  of  cubic  yards ;  but,  taking  the  submerged  volumes,  we  discover  that 
Punta  Arenas  has  received  deposits  (on  its  seaward  side)  to  the  amount  of  five  and  a  third  millions  of  cubic  yards, 
being  an  average  of  730,000  cubic  yards  per  annum,  t 

As  we  might  have  expected,  from  the  nature  of  the  movement  down  the  outside  shore  before  the  sea,  the  most 
rapid  accumulations  have  taken  place  at  the  end  of  the  beach,  where,  on  reaching  the  mainland,  the  frirther  progress 
of  the  material  is  arrested.  Here,  in  a  triangular  space  of  one  hundred  and  sixty-five  acres,  the  dry  land  has  increased 
from  eleven  acres  in  1865,  to  thirty-seven  and  a  half  acres  in  1872,  and  the  water-volume  diminished  from  three  and  a 
half  millions,  1865,  to  one  and  a  half  millions,  1872.  $ 

Our  purpose  in  stating  the  accumulations  in  this  triangular  space  separately  is  to  give  some  measure  of  the 
rapidity  with  which  the  material  is  likely  to  advance  toward  the  end  of  any  jetty  or  groin  which  may  be  extended 
from  the  beach,  with  a  view  of  arresting  the  progress  of  the  sands  which  might  tend  to  incumber  an  artificial  open- 
ing through  the  beach.  We  shall  refer  to  this  matter  again  presently  from  another  point  of  view,  but  must  pause 
here  to  consider  the  relations  of  the  river  to  the  beach. 

The  material  of  Punta  Arenas,  like  other  beaches,  is  sand  sifted  by  the  sea.  It  is  probably  derived  indirectly 
from  the  San  Juan  River,  precisely  as  the  sands  which  are  encroaching  upon  the  western  pier  of  Port  Said  are  derived 
from  the  Nile ;  but  we  have  no  data  for  computing  how  long  ago  the  river  delivered  to  the  ocean  the  enormous  mass 
of  mud  from  which  these  grains  of  sand  have  been  so  carefully  selected.  Biver-muds  are  usually  over  90  per  cent, 
sand,  but  mostly  very  fine  sand  as  compared  with  that  on  outside  beaches.  In  illustration,  I  will  recall  an  incident 
connected  with  our  physical  survey  of  Mobile  River  and  Bay  made  a  dozen  or  more  years  ago.  Along  the  shore  of 
this  bay,  in  Garrow's  Bend,  there  is  a  little  belt  of  white  sand  which  I  could  not  believe  was  the  product  of  the  dash 

^L. _ . __ 

*  Mr.  Barnes,  a  reaident  at  the  "  Forks,"  pointed  oat  the  height  of  what  he  called  the  "  top-gctUmit  Jloodi^''  of  which  we  measured  the 
elevation. 

f  The  two  tracings  from  the  original  snrv^eys  of  Captain  West  and  Commander  Loll  (both  executed  under  difficulties)  are  differently 
oriented,  there  being  some  difference  probably  in  the  compasses  used;  and  their  distances  do  not  agree,  so  that,  aside  from  Uie  outward 
movement  of  the  dry  beach,  there  is  a  difference  of  areas,  which  is  accidental,  jimounting  to  over  seventy  acres,  Commander  Lull's  map  being 
the  larger. 

X  The  whole  area  of  the  space  is  742  acres.  Want  of  numerous  and  coincident  soundings  makes  this  a  rough  computation.  I  make  the 
total  5,870,110  cnbio  yards,  and  the  interval  of  time  seven  and  a  third  years. 

^  From  3,678,400  to  1,557,802,  as  computed  from  data  insufficient  for  nice  statement. 

H  Ex.  107 21 
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of  the  waves  against  the  bluflf,  because  the  latter  was  composed  Of  a  very  fine  yellow  clay.  General  Totten,  however, 
to  whom  I  gave  specimens  of  both  materials,  succeeded,  by  treating  the  clay  with  acids,  and  by  laborious  washing,  in 
detecting  a  few  grains  of  the  very  same  sand  which  lay  at  the  foot  of  the  bluff;  but  the  ratio  of  these  to  the  bulk  of 
material  from  which  they  had  been  selected  was  too  small  to  be  determined.  At  the  mouths  of  rivers  which  are  rapidly 
extending  their  deltas,  one  does  not  find  the  sand  sifted  out  in  recent  deposits;  but  at  some  ancient  mouth,  long  since 
closed  to  the  discharge  of  river-floods,  he  may  find  a  belt  of  beach  sand,  having  a  very  foreign  aspect,  but  really  sifted 
from  the  river-muds  in  the  long  course  of  time. 

The  Lower  San  Juan  has  so  extended  its  delta  as  to  merge  its  mud,  of  late  years,  with  the  sands  of  Punta  Arenas 
(or  Isla  Castilla,  as  the  eastern  portion  of  the  beach  is  called),  but  the  ground  over  which  it  advances  is  much  of  it 
shallow,  so  that  a  small  volume  of  sediments  makes  considerable  area.  We  have  not  succeeded  in  making  any  satis- 
factory computation  of  the  amount  of  dibris  brought  down  by  this  river,  but  it  does  not,  I  think,  exceed  a  hundred 
thousand  cubic  yards  per  annum  as  measured  in  the  Greytown  basin. 

The  plan  already  proposed  by  Commander  Lull  for  restoring  the  harbor  comprises  three  important  works,  viz, 
the  dredging  away  of  a  portion  of  Punta  Arenas  and  its  aproning  of  shallow  ground ;  the  construction  of  a  jetty  to 
windward  of  the  new  opening,  so  as  to  shelter  the  approach  from  the  sea  and  protect  the  channel  from  the  wash  of 
the  waves ;  and  the  diversion  of  the  waters  now  flowing  through  the  Lower  San  Juan  into  the  Colorado  by  obstmc- 
tions  at  or  near  the  forks.  The  object  of  the  last-named  work  is  to  prevent  sediments  from  incumbering  the  Grey- 
town  basin,  ete. 

This  plan,  as  far  as  regards  the  main  points  stated  above,  is  not  inconsistent  with  the  view  I  have  adopted 
relative  to  the  causes  of  irgury  heretofore  and  the  obvious  means  of  resisting  them  in  the  future,  and  I  purpose  to 
discuss  this  plan,  not  to  present  any  fundamental  objections,  but  to  see  how  it  answers  criticisms  from  this  different 
standpoint : 

1st.  A  jetty  designed  to  arrest  the  traveling  sands  of  the  coast  most  effectually  should  extend  in  a  direction 
nearly  normal  to  the  shore,  and  yet  have  a  tendency  to  turn  the  sea  slightly  shoreward,  so  as  to  prevent  the  sands 
from  escaping  by  the  race  round  the  end  of  the  pier.  The  jetty  plotted  upon  the  map  sent  to  me  answers  these  tests 
pretty  well.  A  position  has  been  chosen  where  a  line  at  right  angles  to  the  general  shore-line  (which  trends  southwest 
in  this  neighborhood)  is  slightly  inclined  toward  the  direction  of  the  sea,  which,  although  created  by  the  northeast 
trade-wind,  is  modified  in  the  direction  of  its  onset  as  it  approaches  the  coast  so  as  to  strike  at  a  less  angle  than  it 
would  if  driven  directly  before  the  wind. 

2d.  The  jetty  intended  to  shelter  the  approach  to  the  interior  basin  should  serve  as  a  breakwater  to  vessels 
obliged  to  come  to  anchor  outside  when  nnable  to  come  in  by  reason  of  darkness  or  when  waiting  for  a  tow. 

The  jetty,  as  plotted,  3,000  feet  long,  will  shelter  nine  ships  under  its  lee,  as  the  bottom  now  lies,  and  double  this 
number  if  dredging  is  done  within  a  reasonable  distance  of  the  beach  and  the  entrance.  These  estimates  are  based 
upon  the  consideration  that  the  wind  is  nearly  constant,  so  that  vessels  may  be  expected  to  swing  together  over  an 
octant  of  500  feet  radius,  and  that  the  least  depth  of  water  required  will  be  18  feet. 

We  are  told  at  Greytown  that  vessels  anchor  at  all  seasons  of  the  year  on  this  coast,  and  escape  injury,  althongh 
they  lie  uncomfortably,  even  in  ordinary  weather,  while  the  trade-winds  prevail. 

The  sea  of  the  Caribbean  is  very  high,  but  it  is  very  short  from  rear  to  front,  so  that  a  wave  has  no  great 
volume,  and  under  the  shelter  of  a  breakwater  no  considerable  swell  may  be  expected.  Captain  Selfridge  informed 
me  that  he  had  found  the  water  perfectly  quiet  in  Porto  Bello  when  the  sea  outside  was  running  very  high  with  the 
northeast  trade- wind.  This  harbor  is  a  good  illustration,  because  it  is  scarcely  two  miles  long,  and  opens  divergently 
toward  the  sea.  .The  exposure  is,  however,  to  the  southward  of  west,  so  that  the  sea  runs  away  from  it.  We  shall 
have  occasion  to  refer  to  this  again  when  we  come  to  speak  of  ports  on  the  Pacific  side  of  the  Isthmus. 

It  may  be  found  necessary  to  extend  the  jetty  at  Greytown ;  to  add  a  kant  running  westward  from  its  extremity ; 
but  this  could  only  be  decided  upon  after  ascertaining  how  fast  the  sands  are  disposed  to  creep  out  on  the  windward 
side,  and  how  they  may  be  inclined  to  deposit  themselves  beyond  or  within  the  end  of  the  structure. 

We  may  venture,  not  without  misgivings,  because  of  the  inadequacy  of  our  information,  to  make  an  estimate 
of  the  time  that  may  elapse  before  the  sands  would  accumulate  as  dry  beach  out  to  the  end  of  the  proposed  jetty. 
We  have  already  seen  how  rapidly  the  accumulations  have  taken  place  against  the  west  shore,  and  we  know  that 
we  have  to  resist  the  movement  of  nearly  three-quarters  of  a  million  of  cubic  yards  per  annum.  It  is  an  important 
question  how  far  (he  reaction  of  the  Jetty  may  extend  to  the  eastward,  because  upon  this  reaction  depends  the  form  which 
the  bank  will  lake.  At  Port  Said,  which  is  situated  on  the  flank  of  the  delta  of  the  Nile,  much  in  the  same  way  that 
Greytown  is  placed  relative  to  the  main  delta  of  the  San  Juan,  the  accumulations  have  taken  place  in  long  triangular 
banks  with  bold  fore  shores.  Instead  of  piling  up  directly  against  the  jetty,  the  shore,  for  perhaps  a  mile,  has  moved 
ontward,  each  deposit  against  the  mole  having  reacted  and  formod  another  deposit  farther  back.  In  this  way,  the 
advance  toward  the  end  of  the  structure  has  been  very  slow.  In  a  very  general  way,  perhaps,  we  can  detect  a  similar 
reaction  along  the  shore  since  Punta  Arenas  completed  its  advance  westward;  at  all  events,  the  outward  movements, 
although  irregular  from  point  to  point,  are  not  in  any  respect  confined  to  the  immediate  vicinity  of  the  obstruction 
(the  main  shore).  On  the  contrary,  they  happen  to  be  less  there  than  farther  eastward,  although  the  volume  of  accu- 
mulation is  greater.  Rejecting  the  shore-line,  however,  as  being  the  least  important  contour,  because  the  most  liable 
to  accidental  movement,  we  shall  descend  to  the  four-  and-  five-fathom  curves  and  observe  how  they  have  advanced. 

In  the  interval  between  the  survey  of  Captain  West  and  that  of  Commander  Lull,  seven  and  a  quarter  years, 
we  find  that  the  fore  slope  of  the  beach  between  the  fonr-  and  five -fathom  lines  moved  out,  in  the  average,  100  feet  per 
annum.    At  these  depths  it  is  hardly  likely  that  the  washing  away  of  the  beach  in  storms  has  had  much  effect ;  andy 
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of  course^  one  of  the  first  steps  taken  (should  improvements  be  decided  upon)  will  be  to  secare  this  beach,  so  that  we 
need  not  take  these  accidents  into  account. 

It  is  a  curious  fact  that  in  the  first  3,000  feet  from  the  west  shore  (measured  along  the  present  beach)  the  increase 
of  dry  land  was  Just  as  great  as  it  was  for  the  next  7,000  feet  eastward  (26i  acres),  while  the  accumulation  above  and 
below  the  water's  surface  was  two  and  a  quarter  millions  of  cubic  yards  in  the  first  instance  against  three  millions  in 
the  second.*  So  that  while  the  dry  land  increased  its  area  in  the  vicinity  of  the  obstruction  (the  west  shore)  more 
than  double  as  fast  as  at  points  beyond  iU  influence,  the  accumulation  in  the  neighborhood  of  the  obstruction  was 
only  at  about  67  per  cent,  higher  rate.  Now,  supposing  that  the  reaction  of  the  obstruction  continues  along  shore,  we 
may  finally  conclude,  from  the  foregoing  argument,  that  a  jetty  built  as  proposed  will  cause  an  advance  of  the  sub- 
merged contours  at  a  rate  not  greater  in  the  average  than  167  feet  per  annum ;  and  if  the  bank  that  is  formed  takes 
the  successive  shapes  which  repeated  surveys  gave  at  Port  Said,  this  rate  will  be  reduced  from  year  to  year,  because 
the  base  of  the  triangle  of  deposit  will  extend  farther  and  farther  eastward.  There  may  be  expected  a  rapid  filling 
up  of  the  inner  portion  of  tlie  angle  behind  the  jetty,  especially  where  the  water  is  now  shallow. 

As  the  filling  proceeds,  the  contours  will  trend  more  nearly  parallel  with  the  crest-line  of  the  wave,  the  reaction 
will  extend  farther  along  the  shore,  and  deeper  water  will  be  reached.  Here  are  three  substantial  reasons  for  expecting 
a  reduction  in  the  rate  of  advance  of  the  back  side  of  the  jetty.  From  comparisons  of  our  recent  maps  with  the  old 
British  charts,  it  appears  that  the  waves  are  not  directly  active  along  the  space  between  the  five-  and  six-fathom  curves. 
Opposite  the  original  opening  we  still  find  a  five- fathom  channel  leading  up  a  little  way  toward  the  beach,  where  no 
deposits  have  taken  place.  This  channel  has  been  narrowed  down  by  encroaching  banks,  but  there  is  still  a  consid- 
erable space  left  at  the  old  depth. 

The  accumulation  behind  the  jetty  will  probably  take  a  steep  fore  shore,  and  in  the  time  we  have  given  above 
for  this  jetty  to  fulfill  its  office  enough  will  be  learned  concerning  the  manner  in  which  the  sands  are  disposed  to 
accumulate  beyond  the  pier-head  to  enable  the  engineer  perhaps  to  turn  this  very  accumulation  to  account  in  securing 
greater  shelter  to  the  roadstead. 

The  Dutch  have  found  on  the  coast  of  Holland,  in  using  fascinage,  that  the  traveling  sand  can  be  made  to  do 
service  in  giving  permanence  and  strength  to  structures  designed  to  resist  the  action  of  the  waves.  In  building  the 
proposed  jetty,  which  I  understand  to  be  an  initiatory  step,  it  would  be  well  to  use  fascinage  near  the  shore,  because 
of  its  tendency  to  gather  the  sands  and  holding  them,  and  because  heavier  materials  would  be  likely  to  sink.  Cribs 
would  be  likely  to  be  eaten  by  the  worms,  but  blocks  of  artificial  stone  made  A:om  the  lime  of  the  country  and  the 
sand  of  the  beach  would  be  durable,  if  we  may  judge  from  the  firmness  of  similar  material  used  for  wells  and  indigo- 
vats  near  Rivas.t 

Obstructions  of  the  Lower  San  Juan, — A  compaiisou  of  the  gaugings  made  by  Childs,  West,  and  Lull  shows  that 
the  Lower  San  Juan  is  losing  its  capacity  of  discharge,  and  that  we  may  expect,  at  no  distant  day,  to  find  this  stream 
relinquishing  its  office  as  an  outlet  from  the  main  river,  at  least  in  the  dry  season.  Commander  Lull's  project  provides 
for  hastening  the  decline  of  this  stream,  by  placing  obstructions  in  the  shallow  sections  of  the  river  near  the  ForkSy 
so  as  to  induce  the  main  river  to  send  all  its  debris  to  the  sea  through  the  Colorado.  An  inspection  of  the  locality 
discouraged  in  my  mind  this  bold  provision.  It  seemed  to  me  hardly  likely  that  the  operation  would  meet  with  success 
proportionate  to  the  cost  in  time  and  labor,  and  might  possibly  be  the  cause  of  overflows  across  the  peninsula  between 
the  two  streams,  which  would  bear  suddenly  intothe  Lower  San  Juan  more  silt  than  it  receives,  under  present  condi- 
tions, during  several  years. 

We  ran  three  short  lines  of  levels  over  the  river-banks,  two  of  them  on  the  peninsula,  about  half  a  mile  below 
the  forks,  and  one  of  them  at  a  point  on  the  left  bank,  where  we  had  ascertained  that  high  floods  had  been  seen  to 
reach  on  rare  occasions.    Wo  found  the  peninsula  banks  12  feet  and  the  high  flood-level  14. 

We  observed,  in  crossing  the  peninsula  from  the  Colorado  to  the  Lower  San  Juan,  that  the  land  was  low  and 
swampy  midway,  and  Mr.  Barnes  (to  whom  I  have  before  referred)  stated  that  farther  down  toward  the  sea  there 
were  extensive  interior  lagoons.  Of  course,  there  is  nothing  peculiar  in  this  case.  It  is  the  general  rule  in  alluvial 
countries  that  the  highest  ground  lies  close  along  the  river-side.  Mr.  Barnes  informed  us  that  the  **  top-gallant  floods" 
only  came  over  into  the  interior,  and  they  occur  only  once  in  about  four  years.  He  said  he  had  on  one  occasion  gone 
from  river  to  river  in  his  boat  about  on  the  line  that  we  had  traversed. 

It  would  be  so  very  desirable  to  have  the  Lower  San  Juan  turned  ofl*  at  this  point  that  a  careful  experiment  might 
be  well  worth  trying.  But  failing  in  this,  another  plan  of  excluding  the  ddbris  from  the  Greytown  basin  will  naturally 
suggest  itself,  viz,  the  building  of  a  dam  from  Punta  Arenas  to  the  Greytown  shore,  across  the  passes  of  the  delta. 
Referring  to  the  map,  it  will  be  observed  that  there  is  a  communication  between  the  river  and  the  sea  at  Harbor  Head, 
besides  the  Tauro  outlet,  which  lies  farther  westward.  The  reduced  discharge  of  the  river  ought  to  find  these  sufficient, 
or  easily  made  so,  without  much  backing  up  of  the  stream.  In  connection  with  the  Greytown  Harbor  improvement 
the  shore  to  the  westward  of  the  jetty  and  the  beach  behind  it  would  require  arming,  as  before  stated,  and  communi- 
cations between  the  basin  and  Harbor  Head  would  probably  have  to  be  stopped  altogether  to  prevent  circulation.    A 

*  2,240,342  and  3,129,708  cnbio  yards  of  filling,  of  which  2,120,508  and  3,004,794  represent  water-displacements  from  Captain  West's  chart 
in  territory  still  covered  with  water,  is  beyond  the  present  shore-line. 

I  have  no  information  concerning  the  Jetty  at  Port  SXid  since  1868,  the  date  of  my  visit,  when  I  procured  tracings  of  surveys  of  the 
snocessive  shore-lines.  I  discussed  the  Port  SSid  Harbor  in  an  article  on  the  Sues  Canal,  which  appeared  in  the  North  American  Beview  for 
October,  1869. 

t  The  shore  sand  on  the  west  side  of  Lake  Nicaragua  resembles  that  of  Greytown  beach,  especially  in  its  magnetic  i^ualit^  aqd  |t9 
•  general  aspect,  and  we  are  told  that  this  sand  had  been  used  for  b^ton  very  successfully. 
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dam,  then,  indiiectly  ooimecting  the  proposed  Jetty  with  the  main  shore,  near  the  village  of  Grey  town,  would  seem  to 
commend  itself  as  serving  many  nses. 

-  » 

RECAPITULATION. 

EesuU  of  foregoing  discussion. 

Ist.  The  supposed  jetty  is  well  located,  whether  regarded  as  a  breakwater  only  or  as  a  main  groin  for  arresting 
the  moving  sands  of  the  coast,  and  will  perform  the  latter  office  for  twenty  years. 

2d.  This  Jetty  should  be  built  of  fascinage  as  far  as  practicable,  and  of  artificial  blocks  pelUmelly  rather  than 
heavier  natural  stone. 

3d.  As  adjuncts  to  the  Jetty  proposed,  other  works  will  be  necessary  to  arm  the  beach  against  the  attacks  of  the 
sea  and  give  firmness  to  the  abutment. 

4th.  Should  an  experiment  show  that  there  is  no  reasonable  hope  of  turning  the  Lower  San  Juan  into  the  Colorado 
by  a  more  rapid  process  than  nature  seems  to  be  attempting,  a  dam  from  the  Jetty  to  the  Greytown  shore  is  proposed 
as  an  alternative  plan  for  excluding  the  river  debris  from  the  Greytown  basin,  and  incidentally  serving  other  purposes. 
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ARGUMENTS  lOB  AND  AGAINST  THE  TEHUANTEPEC  SHIP-RAILWAY  PROJECT, 

[Sxtraois  from  the  RejMrt  of  the  Committee  on  Commerce,  United  States  Senate,  Forty-ieventh  Congresii,  first  session,  to  whom  was 

referred  the  bill  to  incorporate  the  Interoceanic  Ship  Hail  way  Company.] 

IX  THK  SkNATE  op  THE   UXITED   STATES. 

Mabch  6,  1882.— Ordered  to  be  printed. 

Mr.  Vest,  from  the  Committee  ou  Commerce,  sabmitted  the  following  report  (to  accompany  bill  8.  430): 

The  Committee  an  CwMneree^  to  whom  was  referred  the  bill  (S.  No.  430)  to  incorporate  the  Interoceanic  Ship-Railwajf 
Company,  and  for  other  purpoaee,  have  had  the  same  under  oonHderationf  and  heg  leavedo  submit  the  following  report: 

The  first  question  the  committee  considered  was  as  to  the  practicability  of  constructing  a  railway  for  the  purpose 
of  transporting  ships  and  their  cargoes.  The  testimony  before  the  committee  conclusively  demonstrates  the  fact  that 
such  a  railway  is  entirely  practicable,  and  that  loaded  vessels  can  be  transported  over  the  same  with  absolute  safety 
and  economy. 

The  comtnittee  does  not  consider  it  necessary  to  enter  into  the  details  of  the  proposition  thus  stat-ed,  but  refers 
to  the  following  testimony  upon  the  subject,  given  by  the  most  prominent  and  able  engineers  and  naval  architects  in 
the  world. 

In  the  first  place  the  committee  would  refer  to  the  testimony  of  Sir  Edward  J.  Beed,  K.  C.  B.,  late  chief  cou> 
struotor  of  the  British  navy,  who,  in  passing  through  Washington,  kindly  appeared  before  the  committee  at  its  invi- 
tation and  gave  it  the  benefit  of  his  views.  The  statement  of  Sir  Edward  Reed  will  be  found  printed  in  full  in  the 
testimony  taken  before  the  committee. 

But  the  question  of  the  practicability  of  a  ship  railway  does  not  depend  alone  upon  the  testimony  of  one  engin- 
eer, however  distinguished.  Mr.  Eads  submitted  to  the  committee  a  number  of  letters  and  certificates  from  the  most 
distinguished  engineers  and  naval  architects  abroad  and  in  this  country.  Attention  is  called  to  the  following  extracts 
firom  some  of  these  certificates  and  letters. 

Nathaniel  Bamaby,  C.  B.,  present  chief  constructor  of  the  Britisli  navy,  in  a  letter  dated  London,  October  8, 
1881,  says: 

''I  note,  therefore,  the  question  you  wish  to  put  to  me,  which  is :  ^  Do  I  think  the  problem  insoluble  of  construct- 
ing a  car  on  which  a  fully  loaded  ship  can  be  safely  transported  over  such  a  railway  as  could  be  built  through  a  tol- 
erably level  country  T' 

**  In  reply  to  this,  I  say  not  only  that  it  is  soluble,  but  that  the  solution  is,  in  my  opinion,  fairly  indicated  in 
your  plans,  as  laid  before  the  committee  on  interoceanic  canals  and  shown  to  me. 

"Ships  which  would  be  strained  by  ordinary  docking  would  be  liable  to  be  strained  also  when  suspended  on  a 
car  not  specially  designed  for  their  crazy  condition,  but  such  ships  would  be  still  more  strained  in  their  ordinary  sea 
passages.''  , 

Mr.  William  John,  who  was  for  some  years  the  scientific  adviser  of  the  committee  of  Lloyd's  Register  of  British 
Shipping,  London,  and  who  built  the  Inman  steam  liner  the  City  of  Rome,  in  a  letter  dated  October  6,  1881,  says : 

"The  practice  of  lifting  a  ship  of  large  size  clean  out  of  the  water  has  become  an  e very-day  occurrence.  The 
further  step  of  lifting  her  to  a  considerable  height  is  not  a  great  one,  especially  if  you  can  start  with  her  floating  in  a 
considerable  depth  of  water.  Beyond  these  the  conveyance  of  her  over  a  railway,  provided  the  latter  is  moderately 
level  and  moderately  straight,  is  a  simple  matter,  which  is  certainly  not  outside  the  reach  of  civil  engineers.'' 

Mr.  John  Fowler,  who  was  consulting  engineer  of  the  Egyptian  Government,  engineer  in  chief  of  the  Metropoli- 
tan (underground)  Railway  of  London,  and  who  is  a  past  president  of  the  Institute  of  Engineers  in  England,  says: 

"You  will  be  interested  to  know  that  about  eight  years  ago,  when  acting  as  consulting  engineer  to  the  Egyptian 
Porte,  I  was  instructed  to  prepare  a  project  for  the  transport  of  steamers  and  other  vessels  from  one  level  to  the  other 
at  the  first  cataract  of  the  Nile. 

"After  a  very  careful  investigation  of  the  alternative  plans  of  canal  and  ship  railway  on  the  spot,  I  decided  in 
favor  of  the  railway,  having  satisfied  myself  that  there  was  no  mechanical  difficulty  in  carrying  ships  of  any  size, 
without  injury  to  themselves,  on  a  properly  designed  car  or  cradle  over  a  solidly  constructed  railway." 

Mr.  Geerge  Fosbury  Lyster,  a  member  of  the  Institute  of  Civil  Engineers,  in  England,  and  engineer  in  chief  of 
the  Liverpool  docks,  in  a  letter  dated  November  2,  1881,  says: 

"In  reply  to  your  letter  of  the  16th  ult.,  referring  to  the  several  interviews  I  have  had  with  you  duHng  your 
recent  visit  to  this  country,  on  the  interesting  subject  of  your  proposed  ship  railway  across  the  Isthmus  of  Tehuante- 
pec,  as  also  to  the  papers  which  yon  were  good  enough  to  leave  with  me,  further  illustrating  your  opinions  on  the 
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point,  I  have  now  been  able  to  give  the  whole  matter,  as  far  as  its  engineering  features  are  concerned,  very  careful 
consideration,  and  have  concluded  that  if  the  permanent  way,  cradle  arrangements,  and  general  details  are  carried 
out  in  the  ingenious  and  substantial  manner  you  described,  there  will,  in  my  Judgment,  be  little  or  no  difficulty  in 
transporting  properly  constructed  ships  firom  sea  to  sea  with  entire  convenience  and  safety." 

Mr.  £.  Leader  Williams,  member  of  the  Institute  of  Civil  Engineers  in  England,  in  a  letter  dated  September  5, 
1881,  says : 

"I  believe  that  your  ship  railway  only  requires  carrying  out  into  execution  to  prove  most  successful  in 
every  way." 

The  firm  of  Clark  &  Standfield.  distinguished  English  civil  engineers,  one  of  the  members  of  the  firm  (Mr.  Edwin 
Clark)  having  been  the  chief  assistant  of  Robert  Stephenson  in  building  the  celebrated  tubular  bridge  over  the  Menai 
Straits,  and  who  introduced  the  hydraulic  vortical-lift  system,  in  a  letter  to  Mr.  Eads,  dated  London,  September  6, 
1881,  says : 

"  Referring  to  our  interview  on  the  subject  of  the  proposed  ship-railway  across  the  American  isthmus,  we  now 
beg  to  say  that  our  works  are  likely  to  be  so  much  occupied  during  the  next  year  that  we  should  scarcely  be  in  a  posi- 
tion to  execute  any  works  out  of  England  in  connection  with  the  proposed  railway,  but  we  should  be  very  happy  to 
prepare  the  drawings  for  the  construction  of  the  terminal  works,  for  lifting  the  vessels  at  the  Atlantic  and  Pacific  ports. 

''We  understand  it  will  be  requisite  to  transport  loaded  vessels  of  the  weight  of  4,000  to  6,000  tons,  more  or  less, 
on  the  railway,  at  the  rate  of  about  6  miles  per  hour,  on  a  gradient  of  one  or  two  per  cent.,  and  that  it  will  be  required 
to  raise  the  vessels  on  a  railway  car  out  of  the  water  to  a  variable  height,  not  exceeding  46  feet,  and  deposit  them  on 
the  rails  in  a  time  not  exceeding  thirty  minutes.  These  conditions  may  be  fulfilled  in  two  different  ways,  and  we  need 
not  say  that  it  is  a  plan  in  which  Mr.*  Edwin  Clark  has  entire  confidence,  and  in  which  he  will  take  the  fullest  interest 
in  arranging  the  details.  The  hydraulic  system  would  probably  be  the  most  rapid,  but  probably  the  more  costly.  At 
the  Bombay  hydraulic  dock  we  have  lifted  weights  up  to  12,000  tons,  with  72  presses,  14  inches  diameter,  and  36  feet 
stroke.    The  Victoria  and  Malta  hydraulic  docks  have  been  many  years  in  constant  operation. 

''At  the  canal  lift  at  Fontinettes  we  employ  presses  with  rams,  6  feet  7  inches  in  diameter,  with  a  50-foot  stroke. 
Each  of  these  presses  will  raise  a  dead  weight  of  1,000  tons  through  a  height  of  about  50  feet  in  three  minutes.  The 
weight  is  a  movable  portion  of  the  canal,  about  132  feet  long,  containing  the  water  and  a  barge  floating  in  it.  This 
work  is  now  in  course  of  construction  for  the  French  Government,  and  it  is  to  be  erected  near  St.  Omer,  in  France,  and 
we  are  now  designing  a  set  of  four  similar  canal  lifts  for  the  Belgian  Government,  in  which  the  weight  raised  will  be 
somewhat  larger.     It  is  evident  that  a  few  presses  such  as  these  would  more  than  accomplish  the  work  required. 

"  Our  ordinary  depositing  dock,  similar  to  that  at  Sobastopol,  which  raises  vessels  of  6,000  tons,  would  also  meet 
the  requirements  of  the  case  very  satisfactorily.  We  are  now  constructing  a  second  of  these  docks,  of  10,000  tons,  for 
the  Russian  Government  at  Vladivostok,  and  a  third,  of  3,000  tons,  for  the  Barrow  and  Railway  Company,  at  Barrow- 
in-Furness,  to  be  afterwards  increased  to  5,000  tons.  We  have  designed  one  of  these  docks  for  the  Italian  Government, 
to  raise  iron-clads  of  15,0t)0  tons  weight  with  a  lift  of  30  feet.  There  would  be  no  difficulty  in  modifying  the  propor- 
tions so  as  to  render  it  suitable  for  a  lift  of  46  feet,  and  this  form  of  dock  raises  the  vessels  out  of  the  water  and  deposits 
them  on  a  gridiron  stage  in  a  most  convenient  manner  for  railway  transport. 

"  It  will  probably  depend  to  a  great  extent  on  their  relative  cost  as  to  which  of  these  systems  may  be  adopted, 
and  we*  shall  be  prepared  at  any  time  to  go  into  the  necessary  calculations,  and  render  every  assistance  in  our  power 
towards  the  accomplishment  of  the  great  work  in  which  you  are  engaged. 

"  We  apprehend  no  difficulty  in  perfecting  the  necessary  details  of  the  plans,  so  as  to  insure  the  safe  transporta- 
tion of  the  largest  loaded  ships  on  the  railway  cars  with  absolute  safety.'' 

The  firm  of  Emmerson,  Murgotroyd  &>  Co.,  who  were  the  constructors  of  the  hydraulic  docks  at  Malta  and  Bom- 
bay, say,  in  a  letter  dated  October,  1881 : 

"James  B.  Eads,  Esq.,  C.  E. : 

"My  Dear  Sir:  When  you  are  ready  to  commence  the  construction  of  your  ship-railway,  we  shall  be  pleased  to 
undertake  the  building  and  completion  of  the  necessary  works  for  placing  the  ship,  with  her  cargo,  on  the  railway 
track,  ready  for  attaching  the  locomotives  to  her,  and  after  transport  across  the  isthmus  to  lower  her  safely  again 
until  she  is  afloat.  A  lifting  apparatus  will  be  required  at  each  side  of  the  Isthmus  which  will  lift  or  lower  e^ips  as 
required.  This  portion  of  the  work  we  are  fully  prepared  to  execute  with  the  greatest  promptness,  on  the  same  terms 
on  which  we  built  the  hydraulic  docks  at  Bombay  and  Malta,  and  the  Anderton  Canal  lift  in  Cheshire. 

"  We  have  no  hesitation  in  guaranteeing  the  lifting  of  a  fully  loaded  ship  or  steamer  of  8,000  or  10,000  tons  weight 
on  a  railway  car  from  the  sea  or  harbor  level  to  that  of  your  permanent  way  in  thirty  minutes,  with  absolute  safety 
to  the  ship  and  the  works,  where  the  lift  is  not  over  50  feet  vertically.  We  will  undertake  to  construct  all  the  plans 
and  works  necessary  to  do  this  at  each  end  of  your  line,  and  complete  everything  ready  for  attaching  the  locomotive 
to  the  car  on  which  the  ship  is  to  be  lifted  and  transported  ;  this  car,  or  any  number  of  them,  we  will  furnish  also. 

"  The  locomotives  and  railway  construction  are  not  in  our  line ;  but  if  it  were  a  matter  of  importance  to  cover, 
in  addition,  the  construction  of  the  locomotives,  turn-tables,  &c.,  and  10  miles  of  railway,  as  proposed  by  you  to  the 
United  States,  we  have  no  doubt  we  could  unite  with  us  some  other  responsible  parties  engaged  in  that  kind  of  works, 
to  execute  them  and  guarantee  the  safe  transportation  of  the  loaded  ships  of  the  weight  mentioned,  over  the  railway.'^ 

Mr.  William  Pearce,  sole  proprietor  of  John  Elder  &  Company's  works,  Govan,  Glasgow,  and  who  built  the 
Arizona,  theElbe,  the  Alaska,  and  others  of  the  largest  and  finest  steamers  afloat,  in  a  letter  dated  August  26, 1881,  says : 

"  I  am  of  opinion,  from  what  I  know  of  the  working  of  iron  floating  docks  that  I  have  designed  and  built,  that  iron 
steamers  of  4,000  to  5,000  tons  displacement  may  be  docked,  loaded,  without  any  injury  whatever. 
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profitable  than  from  a  canal  costing  probably  two  or  three  times  more  than  a  ship-railway,  andreqoiring  three  or  four 
times  longer  to  bnild,  thereby  increasing  greatly  the  amount  of  interest  alone  on  the  actual  cost  of  the  canaL 

''A  ship-railway  has  other  important  advantages  over  a  canal,  such  as  the  facility  with  which  the  number  of 
trucks  could  be  increased  to  accommodate  the  demands  of  commerce ;  the  rapidity  of  transit,  and  the  greater  number 
of  vessels  per  day  that  could  be  transported  than  through  a  canal ;  the  practicability  of  building  a  railway  where  a 
canal  would  be*  impossible ;  the  ability  of  estimating  correctly  for  the  first,  while  the  latter,  if  partially  built  under 
the  water,  or  liable  to  be  submerged  or  interrupted  by  water,  would  be  very  difficult,  if  not  impossible,  to  be  estimated 
for  as  to  cost  and  time  of  completion.'' 

Mr.  H.  D.  Whitcomb,  civil  engineer  in  charge  of  the  works  for  improvement  of  the  James  River,  says : 

^'  The  idea  is  worthy  of  the  age,  and  to  make  it  a  success  you  have  simply  to  improve  and  expand  the  details  of 
the  old  marine  railway  and  make  it  more  perfect.  I  have  the  greatest  confidence  in  your  ability  in  this  particular, 
and  hope  you  will  have  the  opportunity  to  demonstrate  it/' 

Mr.  William  F.  Buckley,  president  of  the  New  York  Balanced  Dock  Company,  in  a  letter  to  Mr.  Eads,  dated 
February  14, 1861,  gives  the  following  list  of  vessels  taken  out  on  his  dock  with  cargoes  in  them :  Ship  Great  Victoria, 
2,386 tons;  ship  Triumphant,  2,046  tons;  ship  America,  2,054  tons;  ship Hagerstown,  1,903 tons;  shipS.  C.  Blanchard, 
1,903  tons;  steamer  Colorado,  2,765  tons;  steamer  Rio  Grande,  2,565  tons;  steamer  Thingvalla,  2,436  tons;  steamer 
Monarch,  2,366  tons ;  steamer  Lepanto,  2,310  tons ;  steamer  State  of  Nevada,  2,488  tons;  and  says : 

''We  do  not  refuse  any  class  of  ships  or  steamers,  even  with  their  coals  and  cargoes  on  board,  whose  length  does 
not  exceed  the  length  of  the  dock.  In  every  case  in  which  we  have  taken  up  steamers  with  cargo  in,  it  has  been 
done  without  the  least  strain  or  injnry  to  the  vessel.  As  the  rule  is  to  make  a  charge  for  raising  cargo  in  the  vessel, 
they  usually  come  without  cargo." 

The  above  are  some  of  the  witnesses  as  to  the  entire  practicability  of  a  ship-railway.  There  are  many  others  of 
equal  distinction  in  their  profession  who  have  expressed  the  same  views,  but  the  committee  does  not  consider  that  it 
is  necessary  to  quote  further.  The  testimony  upon  this  subject  is  so  overwhelming  and  conclusive  in  its  character 
that  the  committee  has  no  hesitation  in  reporting  that  the  construction  of  a  ship-railway  and  its  successful  operation 
are  entirely  practicable. 

But  even  if  there  were  doubt  as  to  the  practicability  of  a  ship-railway,  the  Government  of  the  United  States 
could  with  perfect  safety  to  itself  pass  the  bill  desired  by  Mr.  Eads,  because  under  the  provisions  of  that  bill  the 
Government  guarantee  cannot  attach  or  have  any  force  or  effect  until  the  practicability  of  the  project  shall  have  been 
fully  and  satisfactorily  demonstrated. 

The  next  question  arising  is  as  to  the  best  route  for  a  transit-way  for  vessels  across  the  Isthmus.  During  the 
third  session  of  the  Forty-sixth  Congress  a  special  committee  of  the  House  of  Representatives  charged  with  the  dnty 
of  considering  all  questions  relating  to  isthmian  transit,  after  the  most  full  and  exhaustive  investigation,  reported  in 
favor  of  Mr.  Eads's  ship-railway  project,  and  selected  Tehuantepec  as  by  all  means  the  most  preferable  route  for  the 
transit- way.    In  this  report  the  committee  say : 

''Mr.  Eads  has  selected  the  Isthmus  of  Tehuantepec,  and  your  committee  unhesitatingly  finds  and  reports  that, 
of  all  the  routes  across  the  Isthmus,  Tehuantepec  is  essentially  the  American  route.  A  glance  at  the  map  will  at  once 
demonstrate  the  correctness  of  this  assertion.  If  a  vessel  leaving  the  mouth  of  the  Mississippi  River,  boond  for 
California  or  the  Orient,  cross  the  Isthmus  at  Tehuantepec,  her  voyage  will  be  1,250  miles  shorter  in  distance  than  if 
she  crossed  at  Nicaragua,  and  2,200  miles  shorter  than  if  she  crossed  at  Panama.  K  a  vessel  leaving  New  York,  bound 
for  the  same  destination,  cross  the  Isthmus  of  Tehuantepec,  her  voyage  will  be  750  miles  shorter  than  if  she  went  by 
Nicaragua,  and  1,250  miles  shorter  than  if  she  went  by  Panama.  Inasmuch  as  Ibis  large  saving  of  distance  chiefly 
affects  only  the  commerce  of  this  country  and  that  of  Mexico,  and  not  the  commerce  of  Europe,  it  must  be  at  onCe 
apparent  that  the  location  of  a  transit-way  at  Tehuantepec  is  of  vital  importance  to  the  commercial  interests  of _the 
United  States. 

**  The  saving  of  distance  is  synonymous  with  cheap  transportation.  Both  at  Panama  and  Nicaragua,  at  various 
periods  throughout  the  year,  calms  prevail  to  an  extent  which  would  greatly  decrease  the  value  of  either  of  the  routes 
for  sailing  vessels.  Such,  however,  is  not  the  case  at  Tehuantepec,  as  favorable  winds  always  prevail  there,  thus 
affording  a  guarantee  of  no  serious  detention  to  sailing  vessels  seeking  a  passage  by  that  route." 

The  committee  has  considered  the  testimony  taken  before  the  House  committee,  and  fully  indorse  the  statement 
that  Tehuantepec  is  the  American  route,  and  that  the  transit-way  should  by  all  means  be  located  there  in  preference 
to  any  other  point  upon  the  Isthmus. 


STATEMENTS  BEFORE  A  SUB-COMMITTEE  OF  THE  ^  COMMITTEE  ON  COMMERCE,  UNITED  STATES 
SENATE,  RELATING  TO  THE  BILL  (S.  No.  430)  TO  INCORPORATE  THE  INTEROCEANIC  SHIP- 
RAILWAY  COMPANY,  AND  FOR  OTHER  PURPOSES. 

Tuesday,  January  24,  1882. 
Present,  the  sub-committee,  consisting  of  Senators  Vest  (chairman).  Conger,  and  Miller,  of  New  York ;  also, 
Mr.  James  B.  Eads  and  Hon.  A.  G.  Cochran. 

STATEMEin'  OF  MR.  EADS* 

Mr.  Eads.  I  will  read,  for  the  information  of  the  committee,  a  letter  from  the  distinguished  civil  engineers,  Clark 
Sl  Standfleld : 
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**6f  Westminster  Chambers, 

"  London,  September  6,  1881. 
"Mr.  J.  B.  Eads,  C.  E.: 

**  Dear  Sir  :  Referring  to  onr  interview  on  the  subject ^f  the  proposed  ship-railway  across  the  American  Isthmus, 
we  now  beg  to  say  that  our  works  are  likely  to  be  so  much  occupied  during  the  next  year  that  we  should  scarcely  be 
in  a  position  to  execute,  auy  works  out  of  England  in  connection  with  the  proposed  railway,  but  we  should  be  very 
happy  to  prepare  the  drawings  for  the  construction  of  the  terminal  works  for  lifting  the  vessels  at  the  Atlantic  and 
Pacific  ports. 

"  We  understand  it  will  be  requisite  to  transport  loaded  vessels  of  the  weight  of  4,000  to  6,000  tons,  more  or 
less,  on  the  railway  at  the  rate  of  about  6  miles  per  hour,  on  a  gradient  of  one  or  two  per  cent.,  and  that  it  will 
be  required  to  raise  the  vessels  on  a '  railway  car  out  of  the  water  to  a  variable  height  not  exceeding  46  feet,  and 
deposit  them  on  the  rails  in  a  time  not  exceeding  thirty  minutes.  These  conditions  may  be  fulfilled  in  two  different 
ways,  and  we  need  not  say  that  it  is  a  plan  in  which  Mr.  Edwin  Clark  has  entire  confidence,  and  in  which  he  will  take 
the  fullest  interest  in  arranging  the  details.^ 

I  will  state  that  Edwin  Clark  was  the  chief  assistant  of  Robert  Stephenson  in  the  building  of  the  celebrated 
tubular  bridge  over  the  Menai  Straits,  and  is  the  engineer  who  introduced  the  hydraulic  vertical-lift  system. 

''The  hydraulic  system  would  probably  be  the  most  rapid,  but  probably  the  more  costly.  At  the  Bombay 
Hydraulic  Dock  we  have  lifted  weights  up  to  12,000  tons,  with  seven ty-t^o  presses,  14  inches  diameter  and  36  feet 
stroke.    The  Victoria  and  Malta  Hydraulic  Docks  have  been  many  years  in  constant  operation. 

''At  the  canal  lift  at  Fontinettes  we  employ  presses  with  rams,  6  feet  7  inches  in  diameter,  with  a  50  foot 
stroke." 

I  will  state  here  that  that  is  on  the  principle  of  the  Anderton  lift,  where  a  single  ram  is  used  in  the  center  of 
the  section  of  the  canal,  some  130  feet  long,  in  which  two  canal-boats  are  placed,  the  canal  being  50  feet  above  the 
river  Weaver.  I  went  to  see  this  work  myself.  It  has  been  in  operation  seven  years.  There  are  two  of  these  presses. 
When  one  is  down,  the  other  is  up.  I  saw  two  canal-boats  lifted  in  one  of  these  basins  from  the  river  Weaver  and 
put  in  connection  with  the  canal  in  three  minutes.  The  Government  of  France  sent  a  commission  to  examine  it,  and 
were  so  much  pleased  with  it  that  they  have  ordered  one  for  this  Fontinettes  locality,  of  four  times  that  power,  to 
lift  a  thousand  tons ;  and  the  Belgian  Government  also  sent  a  commission,  and  they  have  ordered  four  of  them  for 
four  different  places  on  their  canals,  and  they  are  to  lift  some  1,200  tons  each. 

"  Each  of  these  presses  will  raise  a  dead  weight  of  1,000  tons  through  a  height  of  about  50  feet,  in  three  minutes. 
The  weight  lifted  is  a  movable  portion  of  the  canal,  about  132  feet  long,  containing  the  w^ater  and  a  barge  floating  in 
it.  This  work  is  now  In  course  of  construction  for  the  French  Government,  and  it  is  to  be  erected  near  St.  Omer,  in 
France,  and  we  are  now  designing  a  set  of  four  similar  canal-lifts  for  the  Belgian  Government,  in  which  the  weight 
raised  will  be  somewhat  larger.  It  is  evident  that  a  few  presses,  such  as  these,  would  more  than  accomplish  the  work 
required. 

"  Our  ordinary  depositing  dock,  similar  to  that  at  Sebastopol,  which  raises  vessels  of  6,000  tons,  would  also  meet 
the  requirements  of  the  case  very  satisfactorily.  We  are  now  constructing  a  second  of  these  docks,  of  10,000  tons, 
for  the  Russian  Government,  at  Vladivostok,  and  a  third,  of  3,000  tons,  for  the  Barrow  and  Railway  Company,  at 
Barrow-in-Furness,  to  be  afterwards  increased  to  5,000  tons.  We  have  designed  one  of  these  docks  for  the  Italian 
Government  to  raise  iron-clads  of  15,000  tons'  weight  with  a  lift  of  30  feet.  There  would  be  no  difficulty  in  modi- 
fying the  pi-oportions  so  as  to  render  it  buitable  for  a  lift  of  46  feet,  and  this  form  of  dock  raises  the  vessels  out  of  the 
water  and  dop  sits  them  on  a  gridiron  stage  in  a  most  convenient  manner  for  railway  transport. 

"  It  will  probably  depend  to  a  great  extent  on  their  relative  cost  as  to  which  of  these  systems  may  be  adopted, 
and  we  shall  be  prepared  at  any  time  to  go  into  the  necessary  calculations,  and  render  every  assistance  in  our  power 
towards  the  accomplishment  of  the  great  work  in  which  you  are  engaged. 

"  We  apprehend  no  difficulty  in  perfecting  the  necessary  details  of  the  plans  so  as  to  insure  the  safe  transporta- 
tion of  the  largest  loaded  ships  on  the  railway  bars  with  absolute  safety. 

"  We  remain,  dear  sir,  yours,  faithfully, 

"  CLARK  &  STANDFIELD." 

The  constructing  engineers  who  built  the  hydraulic  docks  at  Malta,  the  Anderton  lift,  and  those  great  docks  at 
Bombay  have  addressed  me  this  letter : 

*'Heaton  Foundry,  Stockport,  October  1,  1881. 
"James  B.  Eads,  Esq.,  C.  E. : 

"  My  Dear  Sir  :  When  you  are  ready  to  commence  the  construction  of  your  ship-railway  wo  shall  be  pleased  to 
undertake  the  building  and  completion  of  the  necessary  works  for  placing  the  ship,  with  her  cargo,  on  the  railway 
track,  ready  for  attaching  the  locomotives  to  her,  and  after  transport  across  the  Isthmus  to  lower  her  safely  again 
until  she  is  afloat.  A  lifting  apparatus  will  be  required  at  each  side  of  the  Isthmus,  which  will  lift  or  lower  ships  as 
required.  This  portion  of  the  work  we  are  fully  prepared  to  execute  with  the  greatest  promptness,  on  the  same  terms 
on  which  we  built  the  hydraulic  docks  at  Bombay  and  Malta,  and  the  Anderton  Canal  lift  in  Cheshire. 

"  We  have  no  hesitation  in  guaranteeing  the  lifting  of  a  fully  loaded  ship  or  steamer  of  8,000  or  10,000  tons' 
weight  on  a  railway  car  from  the  sea  or  harbor  level  to  that  of  your  permanent  way  in  thirty  minutes,  with  absolute 
H.  Ex.  107 22 
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safety  to  the  ship  and  the  works  where  the  lift  is  not  over  50  feet  vertically.  We  will  undertake  to  construct  all  the 
plans  and  works  necessary  to  do  this  at  each  end  of  yonr  line,  and  complete  everything  ready  for  attaching  the  loco- 
motive to  the  car  on  which  the  ship  is  to  be  lifted  and  transported ;  this  car,  or  any  number  of  them,  we  will  furnish 
also.  ^ 

"The  locomotives  and  railway  construction  are  not  in  our  line ;  but  if  it  were  a  matter  of  importance  to  cover, 
in  addition,  the  construction  of  the  locomotives,  turntables,  &c.,  and  10  miles  of  the  railway,  as  proposed  by  you  to  the 
United  States,  we  have  no  doubt  we  could  unite  with  us  some  other  resx)onsible  parties  engaged  in  that  kind  of  works, 
to  execute  them  and  guarantee  the  safe  transportation  of  the  loaded  ships,  of  the  weight  mentioned,  over  the  railway. 

"  Very  truly,  yours, 

•'  EMMERSON,  MURGATROYD  &  CO.'' 


January  31,  1882. 

Present,  the  members  of  the  sub-committee,  and  of  the  Committee  on  Commerce,  and  numerous  other  Senators ; 
also,  Sir  Edward  J.  Reed,  Mr.  James  B.  Eads,  Hon.  A.  6.  Cochran,  and  others. 

The  Chairman  (Senator  Vest).  Gentlemen,  I  have  the  pleasure  of  introducing  Sir  Edward  J.  Reed,  a  distinguished 
Euglish  engineer,  who  is  here  for  the  purpose  of  addressing  us  in  regard  to  the  proposed  interooeanic  ship-railway. 
Sir  Edward,  we  will  be  glad  to  hear  you  with  reference  to  the  enterprise. 

STATEMENT  OF  SIR  EDWARD  J.   REED. 

Sir  Edward  J.  Rbkd.  I  must  apologize  to  the  committee  for  comiug  before  it  in  a  very  unprepared  condition, 
for  I  have  had  no  time  iu  Washington  to  attend  to  this  matter.  Under  these  circumstaDces  I  should  not  have  presamed 
to  have  come  at  all  if  I  had  not  made  a  very  full  study  of  this  question  previously ;  and  the  committee  will  allow  me 
probably  to  trust  to  my  memory  and  general  knowledge  of  the  subject. 

I  would  say,  in  the  first  place,  that  I  was  induced  to  make  a  very  full  study  of  this  subject  by  the  receipt  of  a 
letter  from  a  distinguished  naval  officer  of  this  country.  Admiral  Ammeu,  who  had  heard  that  I  had  expressed  some 
favor  of  the  system  of  a  ship-railway,  and  asked  my  opinion.  I  thought  it  due  to  him  and  to  any  persons  who  might 
do  me  the  honor  of  reading  anythiug  I  might  say,  and  to  this  country,  whose  enterprise  it  seems  likely  to  become,  to 
study  the  matter  fully  and  give  my  views  as  impartially  as  I  could  upon  it. 

When  the  question  was  first  proposed  one  could  not  help  feeling  a  little  shocked  at  the  suggestion,  because  every 
man  of  my  age  in  my  professio'u  has  been  acquainted  with  ships  that  are  very  weakly  coustrncted,  and  that  have  been 
built  for  a  very  different  purpose  than  that  of  beiug  lifted  out  of  the  water,  with  their  cargoes  ou  board,  and  taken 
over  railroads.  I  felt  sure  that  whatever  hesitation  professional  men,  like  myself,  might  feel,  the  outside  world  would 
feel  a  great  deal  more;  because  it  is  our  duty,  of  course,  as  professional  men,  to  study  with  greater  closeness  the  nature 
of  the  straius  to  which  ships  are  subjected,  and  the  forms  of  weakness  which  they  develop  at  sea ;  and  we  get  to 
know,  naturally,  what  their  actual  conditions  are;  and  their  actual  conditions,  although  sometimes  worse,  are  usually 
very  much  better  than  any  amateur  would  suppose;  I  mean  better  as  regards  their  relations  to  the  strains  which  they 
undergo  in  dock  or  when  dry. 

I  ask  you  to  bear  iu  raiud  that  we  have  to  discuss  this  proposal  under  very  different  conditions  from  those  which 
prevailed  half  a  ceutury  ago.  In  the  case  of  war  vessels,  with  which  I  am  pretty  familiar,  it  is  a  fact  that  the  French 
war  vessels,  of  the  greatest  reput«  in  war,  at  the  end  of  the  last  and  the  beginning  of  the  present  century,  and  which 
were  of  course  constructed  of  timber,  were  of  so  weak  a  construction  that  they  gave  up  building  them  upon  slips  and 
launching  them  as  ships  are  usually  launched,  because  they  underwent  in  the  process  of  launching  such  enormous 
strains  and  distortions,  and  disturbance  of  all  parts  of  their  structure  that  they  were  almost  ruined  in  the  very  act  of 
launching.  So  the  French  took  to  building  them  in  dry-docks,  where  they  were  carefully  supported  at  all  points 
until  they  got  them  floated,  and  then  it  was  presumed  that  they  would  have  the  uniform  support  of  the  water  over  the 
whole  surface  of  the  bottom.  It  was  found,  however,  that  these  ships  were  very  badly  strained  at  sea,  and  the  fact 
forced  itself  upon  the  attention  of  scientific  naval  architects  that  a  ship  which  was  not  strong  enough  to  stand  the 
strain  of  launching  effectually,  was  certainly  not  strong  enough  for  sea  service.  That  is  a  lesson  which  has  been 
taught  all  through  the  period  of  wooden-ship  building,  alike  in  this  country,  in  my  own,  in  France,  and  in  other 
countries. 

The  fact  is  that  wooden  ships  were  built  systematically  weak,  and  they  were  always  developing  that  weakness 
at  sea.  They  developed  it  mainly  in  two  ways:  first,  in  longitudinal  straining,  tendencies  to  break  this  way  or  that 
way  [indicating],  upward  or  downward  at  the  ends,  and  by  transverse  bending,  tending  to  changing  the  angle  which 
the  side  of  the  ship  makes  with  the  deck.  Perhaps  I  may  use  a  very  familiar  illustration  of  that  point.  Suppose 
that  [indicating]  to  be  the  rough  representation  of  a  ship  section.  When  the  ship  is  working  at  sea,  the  tendency  is 
for  it  to  change  its  angle  in  that  manner  [indicating],  and  then  she  rolls  over  in  the  other  direction,  and  changes  it 
in  that  way  [indicating].  The  chief  question  in  the  strength  of  a  ship  is  how  to  prevent  that  change  of  angle  between 
the  deck  and  the  side.  Hence,  in  this  and  other  countries  it  was  a  great  business  in  the  days  of  wooden-ship  building 
to  get  strong  angular  pieces  of  timber  to  serve  as  knees  for  ships,  which  would  lie  along  below  the  beam,  and  down 
the  side.    The  proofs  of  straining  in  the  shi ps  were  always  in  the  connection  of  those  knees.    The  bower-bolt  fastenings 


INTEROCBANIO  OOMMXTNICATION  BY  WAY  OF  AMERICAN  ISTHMUS.      171 

of  the  knee  were  always  breaking  and  failing,  and  the  working  of  the  ship  generally  mastered  the  strength.  From 
the  same  kind  of  straining  they  used  to  open  the  seams  of  the  deck  and  let  the  sea  through  and  create  a  great  leakage. 

I  mention  this  only  for  the  purpose  of  showing  that  it  is  iucidental  to  a  state  of  things  which  has  largely  passed 
away,  and  which  will  very  soon  have  compl<^tely  disappeared,  because,  although  in  this  country  and  in  Norway  and 
some  other  countries  there  is  a  good  deal  of  wooden-ship  building,  still  I  have  no  hesitation  in  saying  that  the  wooden 
ships  of  to-day  are  vastly  stronger  everywhere  than  they  were  half  a  century  ago,  and  that  they  are  now,  as  a  rule, 
perfectly  capable  of  being  docked  in  dry-dock,  with  their  cargoes  on  board.  .Of  course,  if  they  can  be  docked  in  a 
dry-dock  (a  graving-dock,  a  sunk-dock)  they  could  be  docked  upon  an  iron  lifting  or  hydraulic  dock. 

Although  there  are  risks  in  the  docking  of  these  ships  with  cargoes  on  board,  those  risks  result  entirely  from  the 
negligent  handling  of  vessels,  and  have  been  almost  wholly  of  one  description.  In  this  day  of  keen  competition  you 
are  aware  that  the  loading  and  unloading  of  ships  is  a  matter  that  is  pressed  with  the  utmost  rapidity,  and  one  of  the 
great  elements  of  economy  in  ship  working  is  in  getting  the  cargo  in  and  out  in  the  shortest  possible  time.  The 
cargoes  of  to-day  are  very  various,  and  Ihe  danger  of  injury  to  a  ship  in  dock,  whether  she  be  iron  or  wooden,  now 
consists  in  having  most  of  the  weight,  such  as  piles  of  steel  rails,  for  example,  or  blocks  of  heavy  machinery,  localized 
on  one  part  of  the  ship's  bottom,  while  the  neighboring  parts  perhaps  have  nothing  in  them  at  all,  or  very  light  cargo, 
and  then  the  danger  is  that  when  you  dock  the  ship  by  any  means,  that  excessive  weight  at  one  spot  may  produce 
local  injury.  That  is  a  state  of  things  which  does  exist,  however  you  dock  the  ship.  I  have  known  repeatedly  iron 
ships  and  valuable  ships  to  be  docked  so  carelessly  that  they  have  been  left  until  they  have  been  completely  dry 
without  any  virtual  support  at  all  under  the  bottom,  and  I  have  known  the  keels  to  cut  down  into  the  solid  wooden 
blocks  below  them,  and  considerable  mischief  to  be  done  by  this  negligence  in  docking. 

I  shall  take  it  for  granted,  that  in  establishing  such  a  system  as  that  of  a  ship-railway,  intended  to  take  all 
descriptions  of  vessels  across  the  Isthmus  of  Tehuantei>ec  or  any  other  place  whatever,  the  very  primary  duty  of  the 
engineer  will  be  to  supply  ample  and  sufficient  means  for  giving  local  support  to  the  vessel's  bottom  wherever  that 
support  is  necessary.  I  should  think  in  these  days,  for  my  part,  the  method  of  dealing  with  that  would  be  by  having 
hydraulic  blocks  or  rams  which  could  be  brought  up  under  the  ship  at  any  point  that  you  de(>ired  to  have  them,  and 
may  be  worked  with  the  utmost  rapidity.  I  suppose  every  gentleman  present  knows  more  or  less  of  the  marvelous 
manner  in  which  all  sorts  of  operations  are  now  conducted  by  hydraulic  power,  which  is  led  about  to  any  position 
where  it  is  desired,  and  controlled  with  the  utmost  exactness. 

Therefore  I  should  like  to  say  at  first,  that  as  a  naval  constructor  I  have  no  fear  whatever  of  a  ship  undergoing 
any  strain  in  the  process  of  lifting  out  of  thp  water  (as  would  be  necessary  in  the  case  of  a  ship-railway)  that  she  is 
not  liable  to  at  present  in  ordinary  docking.  I  would  say  further  that  I  am  quite  sure  that  the  processes  of  ordinary 
docking,  as  carried  on  in  a  vast  number  of  private  establishments,  are  very  negligent  and  insufficient  in  comparison 
with  those  which  would  be  adopted  in  the  case  of  the  hydraulic  lifts  connected  with  the  proposed  ship-railway.  We 
are  not  without  experience  in  this  matter.  In  the  first  place,  there  has  been  a  system  of  lifting  ships  by  hydraulic 
lifts  at  work  on  the  Thames  for  many  years.  The  object  therer  was  to  lift  a  ship  upbn  a  ponton  which  would  be  of 
sufficient  buoyancy  to  float  her,  and  when  she  is  lifted  and  floating  upon  the  ponton,  the  ponton  with  the  ship  on  it 
is  drawn  away  to  another  part  of  the  docks,  and  repairing  is  there  carried  on ;  and  if  the  ship  is  an  iron  vessel  she  has 
her  bottom  cleaned  and  coated ;  and  then  if  there  is  another  ship  to  be  docked  it  goes  on  upon  another  ponton,  and 
is  floated  and  taken  away,  and  so  on.  That  system  has  worked  for  many  years  without  any  failure  whatever.  No 
sort  of  injury  to  any  ship  has  occurred;  but  I  am  bound  to  say  that,  as  a  rule,  those  ships  have  been  lifted  without 
cargo  on  the  Victoria  docks  on  that  system. 

But  it  became  necessary  to  provide  dock  accommodation  at  certain  foreign  stations  belonging  to  our  country. 
For  example,  there  was  a  dock  wanted  for  Bombay.  The  Bombay  Government  had  some  vessels  stationed  there,  and 
it  was  desirable  for  the  Government  to  have  the  means  of  docking  them ;  and  the  system  they  adopted  was  precisely 
this  system  of  hydraulic  lift,  and  a  very  large  and  magnificent  hydraulic  dock  was  constructed  at  Bombay.  I  mention 
this  more  particularly  because  it  was  consti*ncted  for  the  purpose  of  docking  armor-clads.  Every  gentleman  here 
knows  doubtless  that  in  an  armor-clad  ship  the  largest  part  of  its  weight  is  permanently  in  her  or  around  her.  The 
movable  stores  of  an  armor-clad  ship  are  very  small  in  comparison  with  the  total  weight,  while  in  the  case  of  a  merchant 
ship  the  movable  weights  are  large  in  comparison  with  the  permanent  weight  of  the  ship.  Therefore,  to  dock  an 
armor  clad  ship  is  really  to  dock  a  ship  with  the  principal  part  of  her  cargo  on  board  and  under  very  unfavorable 
conditions,  because  the  cargo  of  an  iron-clad  may  be  said  to  consist  of  her  armor  chiefly,  and  that  is  all  situated 
upon  the  extreme  outside  of  her,  and  acts  with  great  leverage  as  regards  the  keel,  whereas  an  ordinary  cargo  is  laid 
over  the  bottom  of  the  ship  and  is  more  or  less  equally  distributed.  This  dock  at  Bombay  has  been  in  operation  and 
has  docked  Her  Majesty's  ships  several  times,  and  some  others,  and  there  has  been  no  sort  of  accident  or  complaint  of 
any  kind.  On  the  contrary,  everybody  has  been  surprised  to  find  that  in  no  case  has  an  accident  occurred,  whereas 
accidents  with  ordinary  docks  are  not  uncommon. 

But  a  more  characteristic  illustration  is  to  be  found  in  the  case  of  Malta,  where  a  private  company  erected  one 
of  these  hydraulic  lifts  with  pontons  like  those  I  have  spoken  of,  and  it  did  so  for  the  purpose  of  meeting  a  great 
necessity.  There  was  no  dock  at  Malta  for  private  ships,  and  none  was  wanted  much  until  the  Suez  Canal  was  opened. 
Then  there  was  a  great  trade  with  India  established  through  it,  and  the  necessity  of  a  dock  was  very  much  felt, 
because  ships  were  having  accidents  and  required  dock  accommodation  between  India  and  England. 

Captain  Eads  has  kindly  put  before  me  a  photograph  here,  and  it  is  a  very  instructive  one,  showing  how  ships 
are  dealt  with  upon  the  dock. 

This  dock  was  first  used  as  much  as  possible  for  vessels  in  a  light  condition,  but  obviously  ships  making  their 
trade  to  India  met  with  accidents  when  they  were  loaded,  and  some  of  those  accidents,  which  were  pretty  frequent, 
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made  it  necessary  for  them  to  hasten  to  this  Malta  dock  as  soon  as  possible,  and  it  often  happened  that  they  could  not 
discharge  cargo  before  going  on  the  dock;  they  were  glad  to  get  there  as  soon  as  possible  to  save  them. 

I  have  here  a  letter  from  the  secretary  of  this  Hydraulic  Dock  Company,  giving  a  list  of  some  of  the  vessels  which 
have  been  docked  with  cargo  on  board.  I  will  only  pick  out  two  or  three  of  these.  There  is  a  vessel  called  the 
Volmer,  of  1,531  gross  tons,  which  went  in  with  a  cargo  of  1,200  tons  weight.  A  ship  of  2,134  tons,  gross  tonnage, 
went  on  the  dock  with  1,700  tons  of  cargo  on  board.  A  ship  of  1,555  gross  tons  went  into  dock  with  1,500  tons  of 
cargo,  and  others  of  like  proportion  of  cargo  to  the  size  of  the  ship. 

I  would  call  attention  to  the  fact  that,  although  ship-owners  at  first  were  afraid  of  docking  ships  in  that  way 
with  cargoes  on  board,  they  have  discovered,  by  the  experience  of  years,  that  no  sort  of  injury  does  result  therefrom. 
The  ships  that  are  in  the  Indian  trade  now  voluntarily  employ  the  docks  and  go  upon  them  with  their  cargoes  on  board 
for  the  purpose  of  getting  their  bottoms  cleaned  and  coated  on  the  voyage  instead  of  having  to  lie  in  a  more  expensive 
dock  in  London  for  the  purpose. 

That  leads  me  to  remark  incidentally,  if  I  should  not  be  tedious,  that  there  is  a  very  great  merit  and  commercial 
advantage  in  the  system  of  raising  ships  upon  iron  docks,  and  it  arises  from  the  cause  that,  whereas  you  may  dock  a 
ship  in  a  sunk  graving-dock  to  paint  her  bottom,  you  must  do  one  of  two  things :  you  mast  either  put  on  a  composition 
that  dries  very  rapidly,  and  which  therefore  is  not  so  good  as  a  composition  mixed  only  for  the  purpose  of  preventing 
fouling,  or  you  must  keep  the  ship  a  long  time  in  the  dock ;  because  clearly  if  you  put  a  ship  in  a  hole  it  is  in  a  bad 
position  for  drying,  as  it  is  for  doing  many  other  things ;  but  when  you  bring  her  up  into  the  air  above  everything  else, 
as  these  ships  are  lifted,  she  is  in  the  most  favorable  position,  and  it  is  found  that  a  few  hours  suffice  for  the  work  of 
three  or  four  days  in  an  ordinary  dock. 

I  would  not  like  to  dWell  longer  upon  what  I  believe  is  the  perfect  practicability  of  docking  wooden  or  iron  ships 
with  cargoes  if  they  are  docked  with  care.  Now  here  is  another  question :  Why  put  the  ships  upon  a  railway  at  all  f 
Ships  are  made  to  float  and  steam  in  water.  Why  not  keep  them  there  and  pass  them  through  canals  f  In  the  first 
place,  I  think  a  canal  is  an  excessively  costly  mode  of  passing  a  ship  from  one  sea  to  anpther.  It  is  a  moda  involving 
the  trouble  which  always  attends  under-water  operations,  and  that  trouble  is  very  great.  The  use  of  canals,  as  ha» 
been  shown  at  Suez,  is  at  times  precarious.  I  have  not  had  occasion  to  send  merchant  ships  through  the  Suez  Canal, 
but  I  had  occasion  to  pass  three  men-of-war  through  it  that  I  bnilt  for  the  Government  of  Japan,  and  which  they 
asked  me  to  deliver  to  them  in  Japan.  Of  course  I  had  to  send  them  out,  and  one  of  the  three  came  to  very  great 
trouble  indeed  in  that  canal.  She  was  a  twin-screw  vessel,  and  in  the  canal  she  was  crowded  and  had  her  propeller 
knocked  all  to  pieces  and  bent  her  screw  shaft,  and  incurred  a  vast  amount  of  expense  and  trouble.  It  is  not  at  all 
an  uncommon  thing  for  the  Suez  Canal  to  be  completely  blocked  by  large  ships  grounding.  It  is  a  more  common  thing 
for  ships  to  lie  a  considerable  time  while  the  channel  is  being  cleared.  Moreover,  in  the  Suez  Canal  I  have  watched 
what  no  one  could  fail  to  see,  indeed,  in  passing  through  it,  and  that  is,  where  you  have  not  masonry  you  have  a  con- 
tinual washing-down  of  the  sides  of  the  canal ;  it  goes  on  before  your  eyes  quite  plainly,  and  you  have  a  continual 
permanent  expense.  But  thh  Suez  Canal  is  very  favorably  situat-ed  as  compared  with  canals  across  the  Isthmus  that 
separates  NortJi  and  South  America.  I  think  there  is  another  very  grave  objection.  It  is  one  that  presses  very  much 
indeed  upon  my  mind  at  home,  as  I  think  it  may  produce  very  strange  results  in  the  event  of  war.  That  is,  the  perfect 
facility  with  which  any  individual  man  can  go  and  destroy  a  canal  and  stop  the  whole  process.  With  a  few  pounds  of 
dynamite  flung  by  an  Arab  on  the  banks  of  the  Suez  Canal  it  would  effectually  dispose  of  that  until  you  could  clear 
it,  or  a  man  on  board  ship  can  go  and  sink  a  vessel  in  war  time.  Those  devices  could  be  resorted  to  with  the  utmost 
readiness,  as  you,  of  course,  see,  and  the  repair  of  the  canal,  being  an  under-water  affair,  is  by  no  means  easy.  Were 
it  a  mere  case  of  dredging,  it  would  be  easy  to  deal  with,  but  where  you  are  to  have  a  series  of  inland  locks  of  masonry, 
the  destruction  of  them  by  dynamite  would  be  an  effdctnal  destruction  of  the  canal  probably  for  the  whole  period  of 
a  war. 

A  ship-railway  lies  entirely  under  your  own  hands.  If  it  be  blown  up  by  dynamite  in  one  place  nothing  is  easier 
than  to  lay  it  down  again.  It  is  all  within  the  compass  of  your  own  operations,  and  it  only  wants  the  same  materials 
as  made  it  to  enable  you  to  repair  it  promptly. 

I  would  like  to  mention  what  I  think  would  be  the  view  which  I  should  take  of  this  question  if  I  were  an 
American  citizen.  It  is  this :  Even  if  there  were  doubts  about  the  perfect  security  with  which  you  could  take  some  of 
your  not  very  strong  wood-built  vessels  across  the  Isthmus,  I  should  say  that  the  time  had  come  when  it  would  be 
worth  the  while  of  this  country  to  take  command  of  its  own  transit  by  such  a  route  as  this,  or,  rather,  to  give  encour- 
agement to  it  for  the  purpose  of  developing  in  America  that  which  America  ought  to  possess,  namely,  the  means  of 
conducting  the  transport  of  its  own  produce  from  one  port  to  another.  The  grain  trade  of  California  and  other  neigh- 
boring States  can  be  carried  on  daily  much  more  cheaply  by  sea  than  by  railroad  across  a  vast  continent  like  this,  and 
you  have  nothing  in  the  way  but  this  150  miles  of  isthmus. 

I  should  say,  as  an  American,  if  our  ships  are  not  adapted  for  this  purpose  at  present,  lot  them  be  made  so 
because  the  great  problem  you  have  to  deal  with  is  to  transport  this  easily  carried  produce  of  grain ;  and  I  would  say, 
fling  away  for  a  moment  the  idea  of  a  ship  and  make  a  floating  grain  car  which  you  can  take  over  a  railroad;  regard 
it  simply  as  a  big  car  for  carrying  grain,  make  it  as  strong  as  you  like  for  your  railway  purposes,  make  it  of  whatever 
shape  you  like  for  railway  purposes,  and  when  you  have  quite  satistied  yourself  that  you  can  carry  your  own  grain  in 
your  own  cars  across  the  Isthmus,  then  I  will  undertake  to  make  that  go  as  a  ship  to  California  on  the  one  side  or  to 
New  York  on  the  other;  because,  in  point  of  fact,  the  introduction  of  iron  and  steel  has  enabled  you  to  steam  at  sea 
almost  anything,  if  you  give  proper  attention  to  certain  things  that  have  to  be  done  which  you  could  quite  well  do 
with  a  big  railway  car.  I  will  undertake  to  say  that  an  iron  car  fitted  in  the  best  way  for  taking  grain  and  as  big  as 
8  ship  could  be  constructed  and  taken  over  the  Isthmus  of  Tehuantepec  and  taken  from  there  to  the  ports  of  discharge 
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or  of  loading  nitb  the  greftteat  possible  efflcienoy,  and  it  would  hav«  this  effect,  that  yoa  would  oommeDce  a  uew 
indaatry  liere.  The  Iron  and  coal  of  tliia  coantt?  preaeot  the  iDoat  favornbk  pnmible  apporCiinities  of  developing  an 
iron  ship-buildiDg  basiDt^a.  I  beliuve  myself  that  if  there  were  uo  other  reaHons  at  all,  and  if  you  bod  not  a  single 
ship  that  waa  fit  to  paea  over  this  railroad,  it  would  be  well  to  take  the  problem  iu  its  breadth  and  regard  it  as  an 
enterpri»e  well  worth  this  onnnir;  doing,  and  as  building  up  a  great  industry. 

I  will  not  venture  to  say  a  word,  of  course,  about  the  arrangements  of  this  country  with  regard  to  tarifls  and 
bounties  and  matters  of  that  kind;  but  it  does  seem  tomeainoattejptiiuateaindeof  encouraging  a  national  eDteq>rise 
is  to  deal  with  it  as  I  Dndemtaud  Captain  Eads  under  his  concession  with  the  Govemniont  of  Mexico  proposes  to  deal 
with  it,  which  ia  to  aah  for  a  goarantee  under  certain  cooditions,  and  then  to  give  to  the  country  Which  fnmiehes  the 
guarantee  or  the  aasiatance  in  any  form  the  right  of  one-half  tates  over  the  Isthinns  for  its  shipping, 

,  It  would  be  very  improper  for  me  t«  press  the  adoption  of  this  system  upon  gentlemen  like  you,  because,  to  tell 
the  truth,  I  am  not  aniiona  that  it  should  be  adopted  in  the  form  in  which  Captain  Eads  puts  it.  Looking  tu  the 
enonuouB  shipping  interest  which  we  have  (we  are  60  per  cent,  now  in  England  of  the  carrying  power  of  the  world) 
1  am  quite  satished  that  this  enterprise  can  be  dealt  with  by  BKtiah  ship-owners  and  capitalists,  and  I  am  qnit«  sure 
aleo  that  when  dealt  with  in  the  present  day,  and.with  interests  of  the  kind  ve  now  have  at  home,  they  would  obtain 
the  protection  of  the  Oovemment  for  theii  enterprise.  The  premium  of  having  half  rates  for  the  whole  British  ship- 
ping passing  over  that  lathmns  would  be  so  great  a  temptation  that  I  would  like  myself  to  get  Captain  Eads  to  come 
over  and  ask  us  to  lake  this  thing  op.  But,  however,  as  an  American  enterprise,  1  think  it  has  great  merit,  and  cannot 
fail,  if  constmoted  under  the  auspices  of  the  Unit«d  States  Oovernment,  to  greatly  benefit  your  commerce. 

Bat  it  may  be  said  that  the  raising  of  a  ship  and  floating  it  in  the  way  that  1  have  indicated  is  a  very  dilTerent 
thing  from  taking  it  acroaa  the  Isthmus  by  railroad.  1  have  haditanggeated  to  me  by  very  intelligent  men  that  there 
may  be  a  number  of  unexpected,  or  what  to  tbero  would  b«  expected,  causea  of  mischief  arising  in  the  transport  of  a 
ship.  They  seem  to  think  that  there  are  some  vibrations,  or  Jorkings,  or  forces  of  some  kind  that  a  ship  would  be 
sabject«d  ti)  on  a  railway  that  she  ia  not  suhjeoted  to  at  sea.  That  feeling  I  know  is  a  pretty  general  one.  I  can  only 
attribute  it  to  the  fact  that  gentlemen  who  so  think  are  not  acquainted  with  the  strain  that  ships  undergo  at  sea. 
[  calculated  those  strains  for  a  number  of  typical  ships  some  eight  or  ten  years  ago,  and  I  asceriained  some  very  cnrtous 
facts.  For  instance,  I  would  take  Her  M^esty'a  yacht,  simply  as  a  long  floe-lined  steamer  of  great  speed  with  very 
powerful  double  engines  in  the  center.  I  am  speaking  from  memory,  but  I  believe  I  am  quite  approximately  right. 
At  any  rate,  I  found  that  that  ship  when  at  sea,  in  waves  of  anch  dimensions  ns  tu  strain  her  moat,  and  those  are 
waves  bearing  a  certain  definite  relation  to  her  own  length,  undergoes  at  sea  one-half  the  strain  wbioh  she  would 
undergo  if  supported  at  the  two  ends  in  that  manner  [indicating}  on  rocks.  If  the  whole  ship  were  unsupported 
except  at  the  two  ends,  she  would,  of  course,  undergo  a  certain  strain  tending  to  crush  the  upper  deck  and  to  open 
and  extend  the  bottom,  and  une-half  that  atrain  cnmes  upon  her  every  time  she  goes  to  sea  and  enconnlera  waves  of 
a  nature  to  atrain  her.  I  find  also  that  the  strains  of  ships  at  sea  are  vastly  greater  than  we  know  they  sustain  onshore 
and  under  critical  circumstances.  For  example,  we  had  a  case  on  the  Thames  of  an  immense  iron-clad  ship  of  400  and 
odd  feet,  which  was  poorly  launched,  tibe  was  launched  until  she  came  into  a  position  aonietbing  like  that  [indicating], 
with  very  nearly  one-half  of  the  ship  overhanging;  and  tberemarkablefot'tisthatshnhad  upon  her  at  the  time  a  very 
great  deal  of  armor,  so  that  ahe  was  to  that  extent  representing  a  ship  witJi  weights  on  board  and  very  badly  placed, 
place<l  with  great  leverage.  That  ship  was  in  that  position  for  several  weeks.  Repeated  attempts  were  made  to 
launch  her,  and  they  failed  for  many  weeks  in  aaccession.  At  last  she  was  launched,  by  a  prooesa  of  my  own.  It  was 
a  very  roagh  and  rude  one,  but  I  did  not  mind  that  if  it  were  etl'ectual ;  and  that  was  by  building  immense  plank 
pontons  to  roughly  fit  in  under  her  quarter,  and  as  the  tide  rose  they  lifted  the  ship,  big  as  she  was,  upon  her  fore  end 
in  that  way  [indicating],  and  subjected  her,  of  course,  to  the  very  reverse  of  the  strain  that  she  had  been  undergoing 
all  of  that  time;  and  then  we  had  to  let  her  go  before  the  tide  was  at  high- water,  so  that  there  was  a  great  current 
into  which  we  had  to  launch  her,  and  she  went  bounding  off  and  heeling  and  throwing  herself  about  as  a  boat  might 
do;  but  when  we  got  her  afloat  and  at  anchor  we  fu^nd  that  nut  one  single  butt  had  been  strained  in  the  least  degree, 
and  that  no  indication  of  diaturbance  of  any  kind  hod  happened. 

I  should  like  to  make  a  remark  on  the  atrncturat  question.  Tho8<  timber  knees  which  I  have  spoken  of  are  very 
exceptionable  pieces  of  timber  to  get,  because  they  have  tii  bo  crooked,  and  it  used  to  cost  a  magnificent  old  oak  very 
often  to  get  one  kneoout  of  it.  In  most  iron  ships  there  are  more  or  less  transverse  iron  bulkheads,  and  yon  will  see 
in  a  single  moment  that  those  bulkheads  ar«  complete  knees.  Tboy  are  knees  of  the  whole  width  of  the  ship,  making 
It  strong  to  a  degree  in  the  region  of  the  bulkheads,  which  was  impossible  under  the  system  of  merely  putting  a 
knee  in  the  corner.  In  addition  to  the  knee  being  put  iu  the  corner,  it  in  put  in  this  way,  if  the  committee  wil) 
kindly  allow  lue  just  to  explain  this  point.  The  iron  ships,  and  a  great  many  wooden  shi]iH,  have  iron  decks,  and  ore 
fitted  in  a  substantial  way;  in  this  day  all  ships  should  be  so  fitted  and  constructed.  If  that  ia  the  beam  crossing 
the  ship  [indicating],the  system  with  the  constructors  and  bnilders  is  to  split  the  end  of  the  beam  and  turn  it  down  in 
that  manner  [illustrating],  so  that  it  cornea  in  that  form  across  the  aide  of  the  ship,  and  before  it  is  put  there  this  vacant 
space  that  is  created  [indicating]  is  filled  iu  solid  at  the  forgo  with  a  plate  of  iron,  so  thnt  the  knee  becomes  firm  and 
solid  before  it  is  put  in.  The  result  it  that  yon  ai«  able  to  get  a  largo  unmlwr  of  riviitB  down,  making  the  connection 
between  the  frame  of  the  ship  and  the  beam  of  the  ship,  and,  aa  yon  will  aee,  the  result  is  a  great  strengthening  of 
angle,  and  a  great  prevention  of  change  of  angle,  which  the  sbt]i  tries  to  make  at  sea.  Iu  a  wonl,  I  cannot  myself  see 
any  reason  at  all  for  being  afraid  as  to  what  will  happen  to  those  ships  on  a  railway. 

The  next  thing  I  wonld  say  is,  that  we  have  ships  uu  railways,  and  we  have  them  in  the  worst  form.  Nothing 
is  commoner  than  heaving  np  slips  upon  which  ships  are  pulled  npout  of  the  water.  They  have  to  take  their  bearing 
first  at  the  bow,  and  gradually  come  up  until  they  get  upon  the  solid,  and  are  thou  hauled  up  by  chains.    That  has  been 
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done  everywhere  all  over  the  woTld,  thousands  of  times  in  this  conntry,  and  it  is  now  carried  onto  a  very  large  extent 
indeed.  With  docks  for  ships  of  3,000  or  4,000  tons  nothing  is  thought  of  pulling  these  ships  up,  and  nothing  is 
thought  of  any  strains  that  they  undergo  under  the  circumstances. 

The  question  has  heen  mooted,  I  have  heard,  as  to  the  capsizahility  of  ships  upon  a  railroad,  having  regard  to . 
the  sudden  and  violent  storms  that  they  are  likely  to  meet  with  on  the  Isthmus.  I  cannot  say,  of  course,  what  might 
happen  in  a  storm  of  excessive  violence,  the  force  of  which  has  never  been  calculated,  for  I  am  sorry  to  say  that  the 
whole  scientific  world  is  very  ignorant  of  the  effects  of  wind  upon  structures.  The  committee  wiU,  perhaps,  be  a  little 
surprised  when  I  say  that  the  other  day  we  were  informed  in  the  Institution  of  Naval  Architects,  by  an  officer  of  the 
admiralty  who  had  been  requested  to  investigate  that  question  very  thoroughly  after  the  blowing  down  of  a  railway 
bridge  in  Scotland,  that  throughout  the  whole  period  of  naval  architecture,  through  the  scientific  period  of  French 
naval  architecture,  which  was  of  a  very  high  character  at  one  time,  and  throughout  all  that  has  gone  on  in  England  and 
in  this  country,  the  largest  sail  that  has  ever  been  scientifically  experimented  with  for  the  purpose  of  measuring  the 
effect  of  wind  was  1  foot  square,  and  there  had  never  been  any  experiment  with  any  sail  of  greater  dimensions.  The 
one  a  foot  square  was  the  largest  that  any  naval  architect  or  engineer  of  any  kind  ever  experimented  with.  But,  at 
the  same  time,  if  it  is  sufficient  on  a  ship-railway  to  provide  against  something  like  the  worst  hurricanes  at  sea,  then  I 
have  no  hesitation  in  saying  that  it  is  perfectly  impossible  for  these  ships  on  the  railway  to  come  to  any  grief  from 
wind,  because  the  resistance  to  hold  the  ship  upright  on  her  cradle  on  the  railway  track  is,  I  think,  very  many  times 
greater  than  the  forces  which  keep  her  upright  at  sea.  On  that  point  I  may  mention  that  it  is  very  difficult  to  discuss 
the  question  of  the  stability  of  a  ship  at  sea  and  the  power  of  water  standing  upright,  but  it  is  a  JTact  that  a  ship  at 
sea  is  in  the  condition  in  which  she  would  be  if  all  her  weights  were  concentrated  at  one  spot,  which  we  will  call  for  the 
moment  the  center  of  gravity.  If  it  is  a  5,000-ton  ship,  yuu  can  imagine  a  nucleus,  a  center,  weighing  5,000  tons,  and 
then  that  weight  is  suspended  as  if  it  were  a  pendulum  upon  a  point  which  we  give  as  the  meta-center,  and  which 
simply  is  the  point  which  all  the  forces  of  the  water  exerted  upon  the  bottom.  They  have  of  course  a  common  effect, 
just  as  all  the  weights  in  the  center  of  gravity,  justas  all  water  pressures  have  one  common  fact  and  pass  around  one 
l)oint,  and  the  difference  between  these  points  in  our  largest  iron-clad  ships,  which  are  some  of  the  largest  in  the  world, 
is  from  2  to  3  feet. 

If  this  ink-bottle  were  the  center  of  gravity,  then  a  height  of  that  kind  [indicating  a  height  of  3  feet]  is  the  point 
from  which  it  is  suspended,  and  the  only  security  of  the  ship  is  that  it  is  not  raised  up  to  above  that  point;  that  is  to 
say,  the  center  of  gravity  is  not  gone  up  to  the  meta-ceuter.  When  you  think  of  the  readiness  with  which  a  ship  is  laid 
over  by  a  strong  breeze,  and  the  fact  that  she  is  a  pendulum  hung  upon  a  line  only  2  or  3  feet  long,  and  that  the  eleva- 
tion of  her  weight  by  that  short  distance  would  capsize  her,  I  think  you  will  see  that  the  forces  for  keeping  her 
upright  at  sea  are  much  smaller  than  those  which  could  be  readily  supplied  by  the  proper  blocking  of  a  ship-  upon  a 
cradle. 

Suppose  an  accident  does  happen  on  a  ship-railway,  I  should  like  to  ask  the  committee  to  contrast  by  comparison 
that  with  an  accident  to  a  lock  in  the  center  of  a  canal.  I  have  been  responsible  for  the  construction  of  some  very- 
large  docks  at  Milford  Haven,  and  the  amount  of  difficulty  that  we  have  had  from  the  dip  of  the  rock  and  from  other 
causes  in  getting  proper  foundations  for  our  walls  has  been  very  great,  very  expensive,  and  occuyping  a  long  time.  If 
you  could  have  a  canal  without  any  locks  at  all,  and  a  perfectly  free  flow  of  the  sea  through  it,  one  could  understand 
that  that  would  be  a  very  tempting  arrangement,  but  when  one  contrasts  the  canal  as  it  has  to  be  upon  this  Isthmus 
with  the  simplicity  of  a  railway,  it  seems  to  me  that  the  advantage  is  all  in  favor  of  the  latter. 

I  should  like  to  say  a  word  or  two,  if  I  may  be  allowed,  upon  the  railway.  I  dare  say  that  the  most  of  us  know 
that  the  economy  of  railway  transport  depends  very  much  upon  the  conditions  of  the  railway  line.  We  are  accustomed, 
as  you  are  accustomed,  to  weak  rails,  if  I  m«y  be  allowed  to  say  so.  I  have  traveled  over  lines  of  railway  in  this 
country  with  the  rails  so  weak  as  to  draw  the  fastenings  which  held  them  down.  I  have  gone  along  parts  of  lines 
and  have  seen  the  fastenings  drawn  from  the  rail,  the  rail  being  too  light  and  the  leverage  of  it  over  the  sleeper 
drawing  the  fastening  beyond  it.  It  is  not  that  kind  of  railway  that  would  serve  the  purposes  of  a  ship-railway.  I 
should  like  to  affirm  to  the  committee  in  the  strongest  manner  that  it  should  be  a  thoroughly  solid  road,  made  with 
the  utmost  regard  to  inflexibility.  I  think  myself  that  it  should  be  a  very  different  road  from  an  ordinary  railroad,  and 
it  should  differ  in  this  way :  Some  people  seem  t-o  think  that  to  carry  a  ship  you  ought  to  have  a  great  number  of  rails,  in 
a  lateral  sense;  say  a  great  many  lines  of  rails.  I  do  not  think  so  at  all.  I  think  no  ship  in  the  world  wants  more  than 
half  a  dozen  rails  and  I  think  four  might  be  made,  if  you  could  insure,  what  you  probably  could  not  do,  some  regard  in  the 
design  of  the  ships  to  their  use  upon  the  railway.  By  so  putting  the  longitudinal  strength  into  your  vessel  you  might  do 
very  well  with  four  lines  of  rails  for  the  largest  ship,  but  they  should  be  very  strong  of  course  and  very  large,  and  the 
locomotive  should  be  of  a  corresponding  character.  They  should  have  them,  as  we  have  on  some  of  our  roads,  w^ith 
engines  that  run  60  miles  an  hour  over  part  of  their  journey .  We  have  them  exerting  a  pressure  of  10  tons  upon  the  single 
wheel,  and  that  is  done  upon  quite  an  ordinary  road,  such  as  we  have  in  England.  With  an  extraordinary  road,  such 
as  this  ship-railway  ought  to  be,  you  might  multiply  that  rate  per  ton  a  great  deal,  and  a  very  slight  calculation  will 
show  that  if  you  took  20  or  30  tons  per  wheel,  large  wheels,  and  upon  a  track  for  the  purpose,  you  would  want  a  very 
mo<lerate  number  of  wheels  under  the  car  in  which  to  carry  a  ship  of  very  considerable  weight,  certainly  not  nearly 
so  many  as  you  could  conveniently  stow  under  the  car  or  that  you  have  space  for. 

With  a  track  like  that,  and  with  locomotives  adapted  to  it,  there  would  be  no  difficulty  in  transporting  ships.  It 
would  be  best  to  avoid  a  very  high  rate  of  speed.  It  wonld  not  be  necessary,  1  should  think,  to  move  these  ships  at 
a  greater  speed  than  8  or  10  miles  an  hour,  although  I  am  quite  prepared  to  believe  that  with  a  proper  track  und 
locomotives  vessels  could  be  transportod^  very  much  faster.  I  think  the  ship-railway  would  be  likely  to  develop  as 
much  as  the  ordinary  railway  has  done,  and  create  as  many  surprises;  hut  in  any  case,  I  cannot  for  the  life  of  me 


INTBEOOEANIO  COMMUNICATION  BY  WAY  OF  AMBEICAN  ISTHMUS.     175 

understand  where  is  to  enter  in  the  danger  to  a  ship  npon  a  car  traversing  a  road  snch  as  may  be  made,  and  would 
be  made,  for  this  purpose.    I  have  searched  for  it  in  vain,  and  I  cannot  find  the  element  of  danger. 

Captain  Eads  has  been  oriticised,  I  am  told,  indeed  I  have  seen  the  criticism,  for  having  been  supposed  to  propose  a 
considerable  overlap  of  the  ship;  that  is  to  say,  the  car  might  be  in  certain  cases  very  much  shorter  than  the  ship,  so 
as  to  have  the  ship  overhanging  some  40  feet,  which  I  think  was  the  amount  named.  I  do  not  hesitate  to  say  myself 
that  every  iron  ship  that  would  require  to  overhang  the  car  by  virtue  of  her  great  length,  might  so  overhang  without 
any  sort  of  risk.  But  I  was  rather  sorry  to  see  Captain  Eads  back  slightly  from  the  position  on  that  question,  and 
rather  disclaim  the  overhanging  arrangement.  I  do  not  know  but  that  I  am  doing  him  injustice  in  saying  that,  but  I 
have  that  impression.    There  is  no  sort  of  harm  at  all  in  it. 

The  cradles  for  these  ships,  when  the  ships  are  loaded,  may  be  oars  about  one-eighth  of  the  weight  of  the  vessel, 
and  I  would  be  very  thankful,  indeed,  to  know  that  in  crossing  the  Atlantic  next  week  I  would  be  in  no  greater  danger 
at  any  time  and  under  auy  conditions  of  weather  and  sea  than  I  should  be  in  crossing  the  Isthmus  in  one  of  the  vessels 
under  those  circumstances.  Nevertheless,  the  engineer  who  undertakes  to  make  such  a  great  change  in  the  operations 
of  the  trade  of  the  world  as  this  would  involve  ought  to  be  prepared  not  to  tax  the  confidence  of  other  people  too 
much,  and  for  that  reason  I  have  observed,  with  considerable  satisfaction,  that  Captain  Eads's  proposal  to  his  Govern- 
ment is  that  it  shall  give  him  a  guarantee  only  in  the  event  of  his  having  establishsd  the^rminal  works  at  one  side 
of  the  Isthmus,  having  laid  down  a  track  of  10  miles,  and  transported  a  ship  over  it.  I  think  that  he  is  very  wise  in 
taking  that  course,  and  I  think  the  fact  of  his  being  able  to  apply  the  test  to  that  extent  is  great  proof  of  his  confi. 
dence  in  the  enterprise. 

I  would  point  out  the  fact  that  that  proposition  involves  the  provision  of  expensive  works  at  one  terminus, 
namely,  the  hydraulic  lift  and  the  apparatus.  I  should  like  to  make  a  remark  upon  that,  because  I  have  met  with 
gentlemen  who,  in  discussing  this  subject,  admit  that  the  ship  can  be  lifted,  and  admit  that  if  she  were  on  the  rail- 
way she  could  be  transported  without  injury ;  but  they  think  there  must  be  great  danger  in  getting  a  ship  from  a 
floating  position  onto  the  track,  because  they  say  that  as  she  passes  from  the  snpport-s  npon  which  she  rests  before 
advancing  onto  the  track  and  seeks  to  pass  upon  the  track,  she  will  change  the  strain  uponf  her  supports  to  so  large  a 
degree  as  to  probably  bring  about  an  accident.  I  do  not  think  there  is  any  force  whatever  in  that  objection.  In 
thinking  it  over  and  talking  it  over  with  one  of  our  eminent  engineers,  when  Captain  Eads  was  last  in  England,  I 
devised  a  method  by  which  it  could  be  done  without  the  shadow  of  a  risk,  because  the  whole  ship  could  be  placed 
with  the  greatent  ease  upon  a  solid  basis  of  stone-work  or  iron-work,  advanced  from  that  upon  the  rails,  and  it  would 
meet  the  rails  upon  the  cradle,  at  least  upon  the  foundation  npon  which  the  cradle  rested.  But  no  such  elaborate 
contrivance  is  necessary,  because  when  the  ships  are  lifted  by  this  hydraulic  arrangement,  it  is  part  of  the  system 
that  you  can  absolutely  lock  every  one  of  the  hydraulic  cylinders,  and  make  it  for  all  practical  purposes  a  solid  thing, 
and  there  is  no  need  of  having  any  extraneous  apparatus  at  all  for  supporting  what  I  may  call  the  junction  of  the 
lifting  apparatus  with  the  road-bed.  The  lifting  apparatus  itself  being  hydraulic  can  be  locked  with  absolute  secu- 
rity, and  similar  operations  to  that  are  done  daily  in  a  thousand  ways  with  hydraulic  movement. 

I  do  not  feel  justified  in  orcupying  the  attention  of  the  committee  any  longer,  unless  a  Senator  should  desire  to 
suggest  any  question,  and  I  should  of  course  be  very  proud  and  happy  to  answer  to  the  best  of  my  ability  any  ques- 
tion that  might  be  proposed. 

Mr.  Eads.  I  should  be  glad  if  you  would  speak  of  the  question  of  economy  of  transportation  as  compared  with 
the  transportation  of  coal  in  England. 

Sir  Edward  J.  Reed.  I  came  very  near  to  that  at  one  point,  but  I  am  afraid  I  wandered.  In  England  I  think  the 
ec4»nomy  which  we  have  got  is  very  ranch  the  same  as  in  this  country.  I  think  I  have  heard  that  the  very  lowest  freight 
of  anything  whatever  in  this  country  is  half  a  cent  per  ton  a  mile.  I  believe  there  are  instances  in  which  freight  has 
been  got  down  to  that  rate,  and  certainly  that  is  the  vei*y  lowest  point  at  which  freight  has  been  carried  in  England, 
observing  that  in  connection  with  that  is  the  charge  upon  the  return  of  the  empty  cars.  Upon  some  of  our  great  coal- 
carrying  lines,  where  they  are  in  compet  it  ion  with  the  sea,  freight  on  coal  has  been  brought  down  to  a  farthing  a  ton 
per  mile,  which  is  half  a  cent.  None  of  us  can  possibly  doubt,  I  presume,  that  if  any  efiVdctual  canal  is  to  be  got  through 
the  Isthnnis  either  at  Panama  or  Tehuantepec  or  Nicaragua  or  anywhere  else,  the  outlay  must  be  vastly  greater  upon 
that  than  upon  a  railway  across  the  country  ;  but  leaving  that  aside  altogether,  the  object  of  this  enterprise  is  to  save 
an  enor  nous  sea  voyage  around  the  cax»e.  I  have  not  gone  into  ertimat>es  of  that  cost,  because  it  seemed  to  me  that 
the  case  was  obvious.  The  cost  of  sending  this  grain  all  around  Cape  Horn  in  any  kind  of  a  ship  must  be  far  greater 
than  bringing  the  ship  across  the  Isthmus ;  but  if  we  may  assume,  and  I  think  we  may,  that  you  can  carry  grain  in  a 
big  car  such  as  a  ship  in,  the  whole  weight  of  the  ship  and  car  and  cradle,  at  the  price  at  which  you  can  carry  coal 
with  us,  then  you  get  half  a  cent  per  ton  per  mile,  and  the  cost  of  that  comes  out.  How  much  does  it  add  to  the 
voyage  T 

Mr.  Eads.  Seventy-five  cents  a  ton. 

Sir  Edward  J.  Reed.  Obviously  the  transport  of  grain  over  the  Isthmus  at  that  not  much  more  than  nominal 
rate  Would  be  an  immense  saving.  I  think  myself  that  the  time  will  come  when  we  shall  be  surprised  that  we  ever 
had  any  doubt  about  a  ship-railway  wherever  a  ship-railway  was  needed.  I  feel  an  interest  in  the  matter  rather  per- 
sonal, because,  if  I  may  be  allowed  to  mention  it,  I  have  acquired  some  interests  in  Florida  lately,  and  I  am  very 
anxious  to  see  this  done  one  way  or  another,  that  we  may  follow  it  with  another  in  Florida  for  sending  vessels  across 
that  peninsula  and  save  some  1,100  miles  of  voyage.  Seeing  Senator  Jones  here,  I  hope  we  may  be  able  to  induce  him 
to  support  that  proposition. 

Captain  Eads.  I  should  like  for  you  to  t-ell  the  committ-ee  how  you  arrived  at  the  result  of  the  proportion  of  dead 
weight;  the  proportion  of  non-paying  weight  hauled  on  railways  with  the  paying  weight  is  about  the  same  in  ships 
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that  it  would  be  in  our  ordinary  railway  traffic.  You  have  made  some  calculation  as  to  the  weight  of  the  car  and  the 
weight  of  the  ship  f 

Sir  Edward  J.  Eeed.  Tes ;  but  as  those  calculations  are  set  forth  in  a  letter  which  perhaps  the  committee  may 
do  me  the  honor  of  reading,  I  should  not  like  to  go  back  upon  memory  for  those  figures.  I,  for  my  own  part,  have 
found  in  the  course  of  my  professional  experience  that  the  solution  of  difficulties  generally  is  very  simple.  For  instance, 
there  are  a  dozen  inventions  in  a  year  for  different  steam  propellers ;  people  are  going  to  make  a  saving  of  20  or  25  per 
cent,  by  altered  propellers ;  but  it  comes  out  that  propellers  are  pretty  much  alike ;  there  is  no  vast  difference  of  econ- 
omy among  them,  and  almost  any  propeller  does  for  any  ship  if  it  has  some  reasonable  regard  to  its  leading  measure- 
ments and  proportions.  It  is  the  same  with  ships.  Men  have  been  for  ages  professing  that  particular  forms  of  lines 
were  vastly  better  than  other  forms  of  lines,  but  the  sea  does  not  seem  to  care  very  much  about  what  the  lines  are, 
supposing  they  are  within  reasonable  limits.  It  is  the  same  thing  with  regard  to  the  carriage  of  goods ;  it  comes  out 
by  calculation  that  the  expense  of  carrying  your  corn  across  the  Isthmus  by  a  ship  is  very  much  the  same  as  carrying 
any  other  article  in  a  railway  car ;  it  does  not  come  out  materially  different,  and  that  is  true  when  you  take  into  con- 
sideration also  the  cost  of  raising  and  lowering.  The  hydraulic  system  of  doing  that  is  very  cheap.  In  an  ordinary 
case  of  docking  yon  have  to  fill  a  dock  with  water,  which  perhaps  weighs  three  or  four  or  six  times  as  much  as  the 
ship,  and  you  have  to  pump  the  whole  of  that  weight,  to  handle  that,  and  bear  the  expense  of  doing  it,  whereas  in  a 
hydraulic  lift  you  have  nothing  in  the  world  to  do  but  to  lift  the  ship. 

Senator  Davis.  Has  a  loaded  ship  ever  been  raised  in  that  wayf 

Sir  Edward  J.  Rbbd.  Oh,  yes.  - 

Senator  Davis.  In  what  circumstance  f 

Sir  Edward  J.  Reed.  I  made  a  statement  to  the  committee  a  few  minntes  ago  in  regard  to  Malta,  where  a  dock 
of  this  kind  was  built  some  six  or  seven  years  ago  for  the  purpose  of  accommodating  ships  in  the  Indian  trade.  It  was 
found  that  a  dock  was  necessary  there,  and  tne  was  built.  At  first  they  tried  to  restrict  its  use  to  vessels  of  as  little 
cargo  as  possible,  but  of  course  ships  meet  with  accidents  with  cargoes  on  board,  and  they  have  to  resort  to  the  dock, 
cargo  or  no  cargo;  and  they  have  done  this  so  frequently  now  that  ships  are  lifted  continually  with  very  full  cargoes 
on  board.  I  read  to  the  committee  earlier  a  statement  of  certain  vessels  which  have  been  raised  with  cargoes  aver- 
aging in  weight  the  gross  tonnage  of  the  ship ;  and  I  stated  also,  as  a  matter  of  fact,  that  vessels  on  the  Indian  voyage 
go  to  this  dock  when  they  are  not  obliged  to  go  there.  They  go  because  of  the  facility  which  it  offers,  and  the  econ- 
omy for  docking  and  coating  the  ship's,  bottom,  and  enabling  them  to  avoid  the  extra  expense  of  fuel  in  taking  a  foul 
ship  over  the  water. 

The  Chairman.  How  near  does  the  load  approach  to  the  weight  of  the  vessel  as  a  rule  f 

Sir  Edward  J.  Reed.  The  cargo  now  has  got  to  be  often  as  much  as  the  entire  vessel.  I  prefer,  however,  not  to 
trust  to  memory,  but  to  refer  you  to  my  letter  on  that  point  to  Admiral  Ammen,  as  it  deals  with  that  point  fully. 

Senator  Davis.  You  spoke  of  the  strain  of  the  vessel  in  a  heavy  storm  being  about  half  as  much  as  if  the  vessel 
were  suspended  from  either  end.    How  is  that  test  made  f    How  would  you  know  thatf 

Sir  Edward  J.  Reed.  It  was  made  in  this  way :  The  theories  of  the  strains  of  vessels,  which  have  been  unaltered 
during  the  present  century,  were  based  upon  the  ships  of  the  beginning  of  the  century.  The  subject  was  investigated 
by  a  great  French  author,  and  then  by  a  great  Englishman  of  science;  and  the  theory  prevailed  up  to  a  certain  time. 
When  I  found  that  it  was  not  true,  but  it  was  very  untrue  in  regard  to  ships  of  the  present  day,  I  established  a  series 
of  investigations  in  order  to  find  out  what  was  the  true  law  of  strains  in  a  ship  at  sea.  I  will  state  the  method  I 
adopted.  I  took  some  four  or  five  typical  vessels;  that  is  to  say,  very  long  and  narrow  vessels,  and  very  broad  and 
shurt  vessels,  vessels  built  with  very  light  hulls,  and  vessels  heavily  loaded  with  armor,  &c.,  and  J  calculated  the 
weight  of  each  18  inches;  I  divided  it  into  very  short  lengths  and  calculated  the  precise  weight  of  each  of  the  sec- 
tions of  the  ship  of  that  length,  taking  everything  I  found  there.  If  it  came  through  an  engine-room,  I  took  as  much 
of  the  machinery  as  came  there,  and  as  much  of  the  masting  and  rigging,  and  everything,  taking  the  weight  of  the 
ship  for  the  length  of  18  inches  at  that  spot.  I  did  that  all  along  the  length  of  the  ship,  and  that  gave  me,  of  course, 
the  distribution  of  the  weight  of  the  ship  along  its  length;  and  with  that  I  was  able  to  represent  in  a  diagram,  by 
simply  taking  a  line  to  represent  the  length  of  a  ship  and  setting  up  at  these  intervals  lines  measured  off  in  propor- 
tion to  the  weight  I  found  there ;  that  is  just  as  yon  set  off  barometrical  or  thermometrical,  or  any  other  measurements. 
I  put  the  ship  first  in  still  water,  and  calculated  the  buoyancy  which  the  water  supplied  to  each  of  those  sections.  I 
set  that  up.  Then  I  estimated  the  size  of  wave  which  would  most  strain  the  ship,  which  it  is  an  easy  matter  to  do. 
The  wave  that  will  most  strain  a  ship  has  a  certain  relation  to  her  length  and  form.  That  was  calculated,  and  the 
ship  was  put  into  the  wave  upon  the  assumption  that,  supposing  the  ship  to  be  upon  the  crest  of  the  wave,  the  con- 
ditions were  for  that  moment  what  they  would  have  been  if  the  ship  and  the  water,  and  all,  were  at  that  instant 
frozen  in  that  position ;  you  catch  her  at  that  point  and  take  the  conditions.  I  then  put  her  into  the  hollow  of  a  wave 
with  the  sea  rising  upon  her  extremities,  and  calculated  in  the  same  way  the  relative  buoyancy ;  and  then,  of  course, 
I  got  at  every  point  the  excess  of  weight  over  buoyancy,  or  the  excess  of  buoyancy  over  weight ;  and  by  passing  curves 
through  we  got  curves  of  weight  and  strain,  which  were  both  equal,  of  course,  in  the  aggregate,  but  which  were  very 
differently  distributed ;  and  in  that  way  we  found  the  strain  at  any  point  of  the  ship's  length,  the  tendency  of  the 
ship  to  work  either  this  way  or  that  way ;  and  some  of  the  results  wepe  very  remarkable.  It  had  been  supposed  by  all 
writers  up  to  that  time  that  long,  fine-lined  ships  would  tend  to  break  by  bearing  in  that  way  [indicating];  whereas 
they  really  brec^k  by  bearing  in.the  other  way,  and  by  the  bottom  opening;  and  where  there  is  a  great  weight  of  cen- 
ter machinery  the  tendency  is  for  the  bottom  to  open  and  let  the  machinery  out  and  crush  the  deck  up,  the  very  reverse 
of  what  was  laid  down  in  all  text-books  up  to  that  time.  Of  course  the  results  that  were  gained  in  that  way  were 
minimum  results,  because  everything  in  the  shape  of  motion  added  to  the  strain  of  the  ship  rather  than  diminished  iU 
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so  that  we  were  quite  safe  in  ansuming  those  strains  to  be  at  least  the  actual  strains  to  which  the  ships  were  sub- 
jected.   That  was  the  method  of  calculation. 

Senator  McPhkrson.  Does  Capt-ain  Eads's  proposed  railway  across  the  Isthmus  contemplate  that  it  shall  be  in  a 
perfectly  straight  line  with  perfectly  level  grades? 

Sir  Edward  J.  Reed.  I  understand  Captain  Eads  to  propose  that  every  section  of  the  line  shall  be  perfectly 
straight,  and  where  a  gradient  is  necessary  that  it  shall  be  a  straight  gradient,  and  that  at  the  junction  there  shall  be 
a  tilt-table  to  transfer  the  ship  from  one  angle  of  inclination  to  another,  so  that  the  ship  shall  never  pass  over  a  ver- 
tical curve  and  in  the  same  way  a  horizontal  one,  but  that  all  the  section  of  the  line  shall  be  a  straight  line.  That  I 
believe  is  what  you  propose,  Captain  Eads  f 

Mr.  Eads.  That  was  the  proposition  first  made,  but  a  further  study  of  the  subject  satisfies  me  that  there  are  no* 
vertical  curves  that  will  affect  the  ship  at  all  more  than  what  the  springs  of  the  railway  car  would  take.    Turn-tables 
to  change  the  direction  of  the  road  will  be  used,  but  what  are  known  as  tipping  tables  will  be  unnecessary. 

Sir  Edward  J.  Reed.  I  was  going  on  to  say  that  I  should  very  much  doubt  whether  it  was  necessary  to  go  to 
that  refinement,  because  I  have  already  stated  to  the  committee  that  a  ship  may  overhang  150  feet  of  her  length  and 
not  suffer;  and  if  she  may  be  then  hoisted  up  at  the  stem  and  thrown  upon  the  fore  foot,  and  in  that  way  allowed  to 
bound  off  the  ways,  there  are  no  strains  that  could  be  brought  by  the  passage  of  a  slight  gradient  into  a  new  inclina- 
tion that  would  be  in  the  least  degree  likely  to  do  any  harm ;  the  springs  of  the  car  would  take  it  up. 

Mr.  Eads.  The  change  could  be  made  from  a  level  to  the  masJmum  gr%dein  a  distance  of  one,  two,  or  three  miles. 

Senator  McPherson.  I  suppose  a  survey  has  been  made  of  the  proposed  route,  or  a  large  portion  of  it  f 

Mr.  Eads.  A  survey  has  been  made  of  the  most  difficult  portion. 

Senator  McPherson.  Are  the  grades  heavy  or  otherwise  f 

Mr.  Eads.  On  one  line  there  are  no  grades  greater  than  one  per  cent.  Another  line  is  a  perfectly  straight  line 
for  40  miles.  Through  the  worst  part  of  the  Isthmus  there  is  a  grade  for  2^  miles  of  2  per  cent. — two  feet  in  one 
hundred. 

Senator  McPherson.  That  is  very  little. 

The  Chairman.  Sir  Edward,  we  are  very  much  obliged  to  you,  indeed.  Your  statement  was  very  interesting 
and  instructive. 


Washington,  February  23,  I8d2. 
To  the  honorable  membere  of  the  Senate  and  members  of  the  Houae  of  Bepreeentativee : 

Captain  Eads  having  been  unable  to  secure  the  adherence  of  a  single  practical  ship-builder  in  the  United  States, 
went  to  England  and  secured  the  services  of  Sir  Edward  J.  Reed,  formerly  a  naval  constructor  of  considerable 
reputation. 

In  the  following  paper  I  have  shown  how  little  reliance  can  be  placed  on  Mr.  Reed's  statements,  and  have  pointed 
out  difficulties  in  the  way  of  ship  transportation  over  rails,  and  given  such  proofs  as  to  the  great  cost  of  construction 
of  a  bed  to  support  the  vast  weight  of  loaded  vessels — this  cost  being  at  least  three  times  more  than  that  of  a  canal 
across  Nicaragua,  while  the  cost  of  maintenance  and  operating  the  railway  would  be  five  times  greater  than  that  of 
a  canal — as  will  convince  all  thinking  men  of  the  impracticable  character  of  the  railway  enterprise. 

S.  L.  PHELPS. 

Note. — Special  attention  is  invited  to  the  letters  of  ship-builders,  owners,  engineers,  and  underwriters,  in  the 
appendix. 

THE  TEHUANTEPEC  SHIP-RAILWAY  SCHEME. 

A  full  discussion  of  the  projected  ship-railway  of  er  Tehuantepec  calls  for  knowledge  and  experience  of  highly 
varied  character,  more  so  than  falls  to  the  lot  of  any  individual,  and  an  endeavor  to  ascertain  the  requirements  of 
such  a  road  involves  difficulties  of  a  complex  nature,  The  mere  possibility  of  transporting  such  a  weight  as  a  ship 
represents  over  rail,  is  one  thing ;  to  do  it  with  entire  safety  to  the  ship  and  at  such  cost  in  money  and  time  as  will 
make  the  undertaking  a  practical  one,  is  quite  another  thing.  The  first  is  a  problem  in  engineering;  the  other  em- 
braces knowledge  belonging  largely  to  other  pursuits. 

A  ship  railway  across  at  Panama  was  discussed  by  people  on  the  Isthmus  and  in  California  as  early  as  1850.  In 
1858  and  '59  quite  an  excitement  prevailed  in  certain  circles  over  a  project  for  such  a  road  across  Honduras,  and,  sub- 
sequently, a  company  was  actually  organized  in  England  for  its  construction.  This  afterwards  led  to  an  investiga- 
tion by  Parliament  into  the  affairs  of  the  then  collapsed  concern.  This  old  idea  has  now  broken  out  anew  in  this 
country,  the  field  for  the  work  having  been  transferred,  however,  to  the  territory  of  Mexico. 

Without  aiming  to  treat  of  those  difficulties  in  railway  engineering  which  must  be  met  and  which  are  very  far 
from  now  being  comprehended  or  in  any  sense  solved,  it  is  possible  to  present  some  practical  points  of  easy  application 
that  will  serve  to  indicate  how  little  even  Captain  Eads  himself  understood  of  the  subject  when  pressing  his  scheme 
upon  the  last  Congress,  and  how  far  he  is  still,  after  having  been  driven  from  one  device  to  another,  from  realizing 
the  undertaking  he  aims  to  promote. 

A  thoughtful  person  will  quickly  discover  that  the  transportation  of  ships  by  rail  is  a  proposition  belonging  to 
three  distinct  professional  studies  and  pursuits.  It  embraces  the  knowledge  and  experience  of  the  seaman,  the 
engineer,  and  the  ship-builder,  and  in  importance  in  the  order  named,  for  the  safety  of  the  ship  is  the  first  consideration. 

The  constructor  of  a  vessel  would  not  be  selected  to  secure  its  safety  at  sea,,  while  an  engineer  is  as  likely  aa 
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otherwise  to  be  wholly  if^orant  of  the  principles  of  ship  constructiou.  The  seaman,  in  the  perpetually  recurring 
contests  with  the  dangers  of  the  sea,  presented  in  forms  as  varied  as  are  the  waves  he  battles  with,  learns  more  of  the 
endurance  and  capabilities  of  the  ship  under  him  than  the  man  who  designed  and  constructed  it  could  ever  know. 
Instinctively  seamen  feel  the  perils  of  land  for  a  vessel.  They  know  that  in  its  own  element  a  minimum  of  power  is 
required  to  move  it  easily  and  rapidly,  and  that  the  instant  it  touches  ground  it  becomes  movable  only  by  the  exer- 
tion of  prodigious  force;  that  in  the  water  it  is  the  strongest  of  structures  for  its  weight,  and  out  of  the  water  is  the 
heaviest  of  structures  for  its  strength.  They  also  learn  of  the  perils  and  dangers  lurking  in  the  dock  and  ways,  for 
all  seamen  of  experience  have  known  of  disaster  in  some  form  upon  cradles. 

Mr.  £ads  has  published  a  pamphlet  of  testimonials.  It  is  a  curious  fact,  and  a  significant  one,  that  not  an 
American  ship-builder  appears  in  the  list.  There  are  a  great  many  men  in  this  country,  and  many  very  able  men, 
engaged  in  the  constructiou  of  iron  vessels,  but  they,  to  a  man,  oppose  the  idea  of  ship  transportation  by  rail,  as  do 
also  all  engaged  in  their  construction  of  wood.  The  names  of  two  naval  constructors  appear  in  the  list.  One  of  these 
men  is  a  ship-carpenter,  and  in  no  sense  a  builder  of  ships;  the  other  is  a  draughtsman,  and  a  very  good  one.  Their 
letters  are  a  sufficient  index  of  the  value  of  their  testimony. 

Captain  Eads  points  especially  to  the  letters  of  three  engineers— Garay,  Fuertes,  and  Williams ;  and  his  whole 
pamphlet  in  some  sense  revolves  about  Mr.  Reed,  ex-English  naval  constructor,  as  the  central  figure.  If  the  evidence 
of  these  men  breaks  down,  the  whole  fabric  tumbles. 

No  one  qnestions  the  practicability  of  lifting  ships  by  hydraulic  devices,  and  many  of  the  pages  of  the  pamphlet 
might  have  been  spared.  The  eagerness  of  English  firms  to  contract  to  lift  vessels,  when  there  is  a  shadow  of  a  chance, 
is  well  displayed  in  ^veral  of  the  letters  or  statements. 

A  contrast  of  the  two  letters  of  Garay  and  Fuertes  at  once  disposes  of  the  gushing  production  of  the  latter,  who 
falsely  states  that  grades  of  from  25  to  35  feet  per  mile  could  be  found  in  one  of  the  passes.  Mr.  Fuertes  was  the 
engineer  in  the  survey  of  the  ship-canal  route  over  Tehuantepec.  On  page  33  of  Shufeldt's  report  of  the  survey  is 
this  statement  by  Mr.  Fuertes:  " On  the  Pacific  side  it  is  necessary  to  descend  with  sixty-three  locks  from  the  summit 
of  La  Venta  de  Chicapa,  and  this  must  be  done  in  8  miles."  These  locks  were  upon  a  sharp  curve,  the  distance  gained 
in  a  right  line  perhaps  6  miles,  and  the  difference  in  level  overcome  638.8  feet,  or  over  100  feet  per  mile  gained.  He 
is  the  man  who  could  so  locate  a  canal  in  a  country  where  grades  for  a  ship  railway — which  must  be  upon  straight 
lines,  and  cannot  change  direction  by  use  of  turn-tables  on  an  incliue — of  25  to  35  feet  per  mile  can  be  found ! 

Mr.  Garay  disposes  of  all  this  nonsense,  in  defending  himself  from  another  statement  by  declaring  that  the  line 
he  had  laid  down  does  not  involve  more  than  2  per  cent,  grades  and  a  cut  of  only  312  feet  depth.  Such  a  grade  is 
105.6  feet  per  mile. 

Mr.  Eads,  in  publications  over  and  over  again,  has  asserted  the  greatest  grade  would  not  exceed  1  foot  in  100 
in  any  portion  of  his  proposed  roadway,  or  about  53  feet  per  mile.  The  depth  of  cut  and  the  grade  now  admitted 
by  him  are  quite  sufficient,  and  offer  difficulties  large  enough  without  pushing  inquiry  further. 

There  is  not  enough  of  or  in  Mr.  Williams's  letter  to  make  anything  out  of  it. 

Generals  Gillmore  and  Beauregard,  for  the  most  part,  affirm  certain  engineering  possibilities.  Neither  is  a  rail- 
way engineer;  neither  knows  anything  about  ships.  It  is  singular  to  find  the  readiness  of  men,  very  able  in  their 
professions,  to  express  opinions  and  positive  views  of  things  foreign  to  their  experience. 

Compelled  to  go  to  England  to  find  a  ship-constructor  willing  to  approve  his  plans,  Captain  Eads,  rather  unfort- 
unately for  himself,  struck  upon  Mr.  Reed,  ex-naval  constructor,  out  of  employment.  This  pamphlet  well  displays 
how  that  gentleman  busied  himself  in  procuring  indorsements  for  the  railway  scheme  Having  since  come  to  this 
country,  he  has  been  going  about  with  Captain  Eads  to  talk  up  the  ship-railroad,  being  presented  as  Sir  Edward  J. 
Reed,  M.  P.,  and  I  know  not  what  other  titles,  all,  however,  honorable  testimonials  to  his  skill  and  ability. 

Before  coming  to  this  side  he  wrote  the  paper  I  find  in  the  pamphlet,  addressed  to  Admiral  Ammen,  but  in  fact 
intended  as  a  reply  to  my  review  of  Mr.  Eads's  article  in  the  March  number  of  the  North  American  Review.  Prior  to  a 
discussion  of  Mr.  Reed's  statements,  it  will  be  advantageous  to  give  some  account  of  Mr.  Reed  himself,  who,  in  the 
beginning  of  his  career,  was  a  newspaper  man.  Having  ability  and  a  turn  for  other  pursuits,  he  became  a  naval  con- 
structor, and,  in  the  earlier  construction  of  iron-clads,  enjoyed  the  confidence  of  the  English  Government  in  that 
capacity.    Some  seven  years  ago  he  found  it  advisable  to  resign  the  position  of  naval  constructor. 

In  an  attack  upon  the  plans  of  the  Infiexible,  a  vessel  costing  $5,000,000,  and  built  on  designs  of  Mr.  Barnaby, 
whose  name  I  find  in  this  pamphlet,  Mr.  Reed  stated  he  had  prepared  designs  and  a  model  of  the  vessel  in  his  own 
office  and  gone  over  all  the  calculations,  and  that,  like  two  then  under  construction  for  the  Italian  navy,  it  would  be 
dangerous  as  a  fighting  ship,  because  liable  to  capsize.  Such  changes  were  adopted  then  as  made  Mr.  Reed  practically 
the  architect  of  the  ship,  but  neither  he  nor  Mr.  Barnaby  could  learn,  with  all  this  care  in  estimates  of  the  weii^ht 
and  placement  of  load,  that  the  craft  ready  for  sea  would  weigh  800  or  900  tons  more  than  their  estimate  as  indi- 
cated by  her  draft,  which  is  2  feet  greater  than  expected.  They  did  not  learn  that  she  would  have  an  eccentricity  in 
steering,  and  would  not  make  the  speed  anticipated  by  20  per  cent. ;  yet  Mr.  Reed  can  tell  you  the  weight  of  a  ship- 
car,  a  thing  never  yet  constructed. 

Considered  from  the  standpoint  of  view  of  these  constructors,  the  ship  is  a  costly  failure. 

Mr.  Reed  designed  and  became  the  champion  of  the  Bessemer  Channel  steamer,  which  was  to  cross  the  Channel 
in  sixty-five  minutes,  and  the  cabin  of  which,  being  hung  on  pivots,  was  to  spare  the  world,  traveling  first  class,  all 
misery  in  the  hateful  chop-sea  of  that  narrow  water.  But  the  ship  would  not  go,  it  drew  two  feet  too  miwh  water,  and 
the  cabin,  once  in  motion,  would  not  stop.     (See  Transactions  Institution  of  Naval  Architects,  April  16,  lb75.) 

Admiral  Popoff  conceived  the  idea  of  circular  ships.  Mr.  Reed  became  the  friend  of  the  Russians  in  these  con- 
stmctions,  supported  them  and  advocated  them.    The  Lavidia  (length,  230  feet ;  beam  130  feet),  the  greatest  failure  of 
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our  day,  was  the  legitimate  outgro^^  of  ideas  expressed  by  Mr.  Reed  in  a  paiier  read  before  the  Institntion  of  Naval 
Architects,  March  22,  1877.  (See  also  Transactions  same  institute,  April  6,  1876.)  Those  circular  ships  over  which  he 
labored  are  monuments  to  pet  theories  and  tangential  departures  from  well-established  ways. 

This  is  the  man,  one  of  ability,  but  unsafe  and  unreliable  to  follow,  who  is  brought  to  this  side  to  set  up  an  opinion 
against  that  of  every  ship-builder  in  this  broad  land,  to  say  nothing  of  seamen  of  every  grade  and  condition  in  life. 

On  page  36  of  the  pamphlet  Mr.  Reed  expresses  the  opinion  that  vessels  weighing,  with  cargo,  4.000  tons,  the 
extreme  size  proposed  by  Captain  Eads  in  his  final  trial,  are  large  enough  to  conduct  American  commerce  in  voyages 
which,  between  our  own  ports  on  either  side  of  the  continent,  would  become  4,000, 6,000,  and  6,000  miles  in  length,  or 
nearly  twice  the  distance  across  the  Atlantic.  But  Mr.  Eads  should  have  known  and  informed  his  supporter  that 
American  vessels  of  much  greater  weight  are  already  trading  on  that  line,  and  that  wooden  vessels,  under  the  Yankee  flag, 
still  sail  from  Pacific  ports  displacing,  with  their  grain  weights,  over  5,000  tons.  Can  it  be  Mr.  Reed  did  not  know 
that  one  of  the  finest  fleets  in  the  world  trades  with  the  west  coast  of  South  America? — a  fleet  composed  of  seventeen 
steamships  displacing  from  7,000  to  9,000  tons,  and  twenty -five  others,  hardly  one  of  which  would  not  be  too  large  for 
Captain  Eads's  final  trial. 

These  facts  show  what  class  of  vessels  otonera  think  are  needed  for  such  voyages.  But  it  suits  the  views  of 
English  ship  owners  and  builders  to  cramp  the  energies  and  enterprise  of  American  builders,  who  are  under  the  dis- 
advantages of  more  costly  labor  and  of  duties  upon  materials,  in  their  endeavors  to  construct  American  bottoms. 

I  shall  show  by  practical  illustration  how  wide  Mr.  Reed  was  of  truth  when  he  spoke  of  the  ease  with  which 
the  railway  could  be  extended  to  take  larger  vessels  than  those  for  which  it  was  originally  designed. 

On  pag:e  27,  without  reference  for  authority,  and  by  a  most  refreshing  ipse  dixi*,  Mr.  Reed  announces  that  a  car 
to  carry  a  vessel  of  4,000  tons  displacement  would  weigh  about  500  tons,  and  proceeds  to  make  statements  based  upon 
that  assumption.  I  shall  now  turn  over  several  pages  of  learned  discussion  as  to  the  facility  with  which  ships  can 
be  lifted  by  hydraulic  appliances,  and  about  strains  of  ships  in  water,  the  first  being  a  feat  no  one  disputes  is  done 
and  can  be  done,  and  the  second  having  no  bearing  upon  the  real  question  at  issue,  to  find,  on  page  42,  a  statement 
about  the  hauling  power  of  engines.  He  says  Mr.  Bram  well  stated  that  locomotives  could  draw  800  tons  at  slow  speed. 
What  is  the  grade  f  None  is  stated.  Eight  hundred  tons  implies  forty  loaded  cars.  It  is  certain  no  one  in  this 
country  ever  saw  forty  loaded  cars  in  one  train  drawn  by  one  locomotive  over  an  ascending  grade  of  /Iv^feet  per  mile, 
and  American  engines  in  all  competitive  trials  have  driven  English-made  ones  out  of  the  market.  Before  Mr.  Reed 
was  a  table  of  the  effective  traction-power  of  locomotives— one  he  could  have  verified — and  for  40  feet  grade  it  gives 
218  to  292  tons.  Of  course,  for  a  ship  railway  a  locomotive  must  be  adapted  to  the  worst  conditions  of  haul,  and 
therefore  218  tons  is  the  correct  figure.  But  the  grades  over  Tehuantepec  reach  to  105.6  feet  per  mile,  for  which  the 
traction-power,  per  table,  is  93  tons.  See  Appendix  (15).  Now,  how  many  engines  will  it  require,  at  that  rate,  to 
pull  the  ship  of  4,000  tons  weight  and  the  heavy  car  carrying  the  load  f  Mr.  Reed  says  five  or  six  would  be  sufficient  for 
the  great  majority  of  vessels.  Seventy  American  ships  sailed  from  San  Francisco,  grain  laden,  during  the  last  six  months 
of  last  year,  the  lightest  vessel  of  the  number  weighing,  with  her  load,  2,172  tons,  and  there  were,  as  before  stated, 
those  that  ran  up  in  weight  to  between  5,000  and  6,000  tons.  It  seems  absurd  to  spend  time  over  an  assertion  so  ill- 
considered  as  Mr.  Reed's. 

Then,  on  page  43,  he  goes  on  to  picture  the  great  cheapness  of  the  haul  over  Tehuantepec.  The  Great  Eastern 
Railway  takes  coal  at  one-half  cent  a  ton  per  mile,  and  consequently  Mr.  Eads  can  transport  ships  and  cargoes  at 
corresponding  rates,  and  says,  **  My  weight  of  car  added  to  the  weight  of  hull  will  make  a  weight  bearing  the  same 
proportion  to  the  cargo  carried  in  the  ship  that  the  coal  car  in  England  bears  to  the  coal  carried,  that  is  as  4^  to  7f .'' 
Mr.  Reed  writes  as  an  expert  and  as  of  authority. 

Mr.  White,  author  of  the  text-book  on  Naval  Architecture  used  at  the  British  Naval  School,  where  he  is  in- 
structor, sums  up,  on  page  415,  the  weight  of  an  ordinary  steamship  of  5,000  tons  displacement,  and  shows  that  the 
hull,  machinery,  and  supplies  would  be,  as  nearly  as  may  be,  equal  to  the  weight  of  cargo  carried.  On  page  370  is 
the  proportional  weight  of  wooden  vessels  to  cargo  carried.  The  mean  is  40  per  cent.  When  steamships  designed 
for  passenger  traffic  are  in  question,  the  hull,  machinery,  and  equipments  become  much  heavier.  The  Colon,  displacing 
4,000  tons,  carries  1,800  tons  cargo.  The  Tokio  displaces  9,000  tons  and  carries  4,050  tons  dead  weight.  The  German- 
ic's weight  is  5,500  tons,  and  she  carries  4,500  tons.  See  Appendix  (14).  The  hull  of  the  Servia,  without  machinery, 
weighs  5,200  tons  and  carries,  cargo  and  supplies,  6,500  tons.  Tbe  City  of  Rome,  ready  for  sea,  without)  load,  weighs 
8,000  tons,  and  carries  dead  weight  of  cargo  5,500  tons. 

Based  upon  such  data,  the  English  coal  car,  if  in  like  proportion  to  its  load  of  7f  tons,  would  weigh — 

Tont. 

Compared  with  wooden  ships,  weight  of  car  for  7 J-ton  load 4. 9 

Compared  with  ordinary  steamers,  weight  of  car  for  7f-ton  load 7f 

Compared  with  passenger  steamers,  weight  of  car  for  7  J-tou  load 9J 

That  is,  ships  weigh  much  more  in  proportion  to  cargo  carried  than  does  Mr.  Reed's  coal  car,  and  steamships 
weigh  as  much  or  a  good  deal  more  than  their  loads.  When  the  weight  of  the  car  is  added  to  that  of  the  vessel  the 
discrepancy  is  largely  increased. 

Thus  it  is  shown  that  this  part  of  his  calculation  is  utterly  worthless. 

The  basis  he  assumed  is  the  cost  of  hauling  coal  on  a  level  road  in  England.  Are  we  to  understand  that,  had 
the  road  been  constructed  solely  for  carriage  of  coal,  the  Great  Eastern  road  could  earn  a  profit  on  one-half  cent  per 
ton  x>er  mile  ?    That  road  carries  millions  of  passengers,  mails,  express  matter,  fast  freight,  and  a  host  of  other  things, 
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paying  large  profits.    The  tracks  not  being  wholly  occlipied,  it  pays  to  hanl  coal  at  little  more  than  the  cost  of  trac- 
tion. 

Mr.  Reed  famishes  proof  of  the  absurdity  of  his  assnmed  weight  of  car  by  the  very  example  of  weight  of  coal 
car  to  load,  being  abont  52  per  cent. 

An  English  coal  car  is  the  simplest  form  of  railway  transportation,  being  a  little  sheet-iron  hopper  mounted  on 
two  axles  and  four  wheels.  It  bears  the  least  propoilion  to  load  carried  of  all  cars.  In  this  country  ordinary  freight 
cars  range  in  weight  from  three-qnart«rs  of  load  to  as  much  or  more  than  the  load.  The  English  coal  car  is  abont 
52  per  cent,  of  it<s  load.  In  the  competition  that  compels  the  carriage  of  coal  at  one-half  cent  per  mile,  it  is  perfectly 
plain  managers  would  reduce  weight  of  car  and  add  to  load  if  they  dared  do  it.  Hence  we  may  assume  that  the  ratio 
of  weight  is  brought  down  to  the  lowest  point,  and  that  cars  made  wholly  of  iron  must  weigh  in  proportion  to  load 
the  ratio  named.  There  are  no  cradles,  no  buffers,  no  hydraulic  devices,  no  props  or  supports  to  hold  a  hull  towering 
40  or  50  or  more  feet  above  the  tracks,  with  houses,  rigging,  and  top  hamper  far  higher  still,  the  whole  to  be  supported 
in  the  unequal  movements  over  uneven  tracks  and  to  resist  the  power  of  gales  of  wind. 

Thus,  withojpt  data  as  to  cost  of  road  and  the  consequent  returns  necessary ;  without  considering  that  the  ship 
railway  earnings  must  be  from  freight  alone ;  without  knowing  the'amount  of  business  in  proportion  to  investment ; 
without  taking  into  account  grades  which,  if  they  existed  on  the  Great  Eastern  road,  would  haA^e  prevented  the 
carriage  over  it  of  a  single  ton  of  coal ;  without  any  of  the  requisites  to  a  proper  estimate  of  the  cost  of  carrying  the 
ships,  he  deduces  a  rate  of  75  cenis  per  ton,  but,  as  the  ship  railway  is  to  be  at  Tehuantepec,  agrees  the  rate  shall  be 
doubled  and  become  $1.50  per  ton  for  the  transit.  That  is  one  cent  per  ton  per  mile  of  cargo  on  board,  or  less  than 
the  average  rate  for  freight  over  the  great  trunk  lines  and  their  connections  to  the  Mississippi  River  (see  Nimmo's 
Railroad  Problem,  October,  1881),  where  the  average  is  1.07  cents  per  ton.  At  what  rat«  could  these  roads  carry 
freight,  were  that  their  only  business  f  Even  as  it  is,  they  by  no  means  earn  dividends  for  all  their  stockholders, 
notwithstanding  their  better-paying  business  to  help  in  that  direction. 

The  roads  from  Chicago  to  New  York,  with  a  running  distance  of  900  miles,  cannot  compete  with  carriage  by 
lakes  and  Erie  Canal,  a  distance  of  1,400  miles.  The  rate  by  rail  is  60  per  cent,  greater  and  the  distance  500  miles 
less. 

The  Ne^  York  Central  and  Hudson  River  Railroad  carried,  in  1880, 10,533,038  tons  of  freight,  receiving  therefor 
122,199,966.  The  average  rate  per  ton  per  mile  was  0.88  of  a  cent.  The  rate  prevailing  on  the  Erie  Canal  the  same 
year  was  0.49  of  a  cent.    (See  Nimmo*s  Report,  Appendix,  Table  37,  on  the  ''Railroad  Problem.'') 

Had  the  freight  transported  by  the  road  been  carried  by  the  canal,  the  cost  would  have  been  $12,361,363,  or  a 
difference  in  favor  of  the  canal  of  nearly  $10,000,000,  and  representing  the  increased  cost  to  the  consumers  of  the  articles 
carried,  or  to  the  producers  of  them. 

Suppose  the  distance  by  water  between  Buffalo  and  New  York  had  been  one-third  that  by  railway,  the  cost  ol 
transportation  by  the  shorter  route  would  have  been  proportionately  reduced,  and  the  total  would  have  been  between 
$3,000,000  and  $4,000,000  as  against  $22,000,000  by  rail. 

The  Nicaragua  Canal  will  be  53  miles  long,  the  remaining  distance  over  that  isthmus  being  open  and  unobstructed 
navigation.  The  Tehuantepec  Railway  would  be  about  150  miles  long  (see  Reed's  paper) ;  therefore  the  comparison 
applies  as  made  between  the  railroads  and  an  Erie  Canal  one-third  their  length.  The  ship  railroad  must,  in  the  first 
instance,  transport  the  ship  not  only  three  times  as  far,  but  must  do  it  per  mile  at  nearly  twice  the  expense  of  the 
canal,  or  altogether  at  six  times  the  cost.  Furthermore,  the  ship  itself  must  go  as  cargo,  ther«^  being  still  a  car  as  in 
case  of  all  other  railway  carriage. 

With  no  knowledge  whatever  as  to  the  expenses  of  canals,  Mr.  Reed,  on  page  44,  expresses  the  opinion  that  the 
railway  would  prove  more  economical  than  a  canal.  Such  wild  assertions  would  almost  make  one  think  him  in  the 
pay  of  de  Lesseps  and  in  Panama  interests. 

The  expenses  of  the  North  Sea  Canal  are  about  $75,000  per  year  (see  Reports  Consuls,  Amsterdam) ;  and  as  2,519 
vessels  passed  through  it  in  1877,  when  a  full  report  was  made,  it  amounted  to  6^  cents  per  registered  ton  of  shipping. 
The  canal  is  16  miles  long,  has  an  expensive  artificial  harbor  and  two  systems  of  locks,  the  level  of  the  canal  being 
below  that  of  the  sea. 

The  Suez  Canal,  100  miles  long,  entailing  dredging  to  the  amount  of  about  1,500,000  cubic  yards  yearly,  costs  for 
maintenance,  management,  and  operation  yearly  from  $830,000  to  $860,000,  being  about  11  per  cent,  of  its  gross  earn- 
ings, or  about  20  cents  a  ton  register  of  the  shipping  passing  through  it,  towage  included.  Were  the  weight  of  cargo 
and  ship  taken  into  account,  as  must  happen  with  the  railway,  the  rate  per  ton  displacement  for  the  Suez  Canal  would 
amount  perhaps  to  8  cents  and  that  in  the  North  Sea'Canal  to  3  cents. 

The  Suez  Canal  shares  have  risen  from  a  par  value  of  500  francs  to  more  than  four  times  that  amount,  because 
of  the  great  profit  in  the  investment. 

Mr.  Eads  in  his  bill  fixes  50  per  cent,  of  the  gross  receipts  to  be  taken  as  the  actual  expenses  of  the  road.  This 
applied  to  the  Suez  Canal  would  have  made  its  expenses  $3,971,798  as  against  $863,000,  which  they  amounted  to  in 
1877.  Had  there  been  a  ship-railway  instead  of  a  canal,  shipping  would  have  been  taxed  $3,108,000 — the  differance  of 
the  two  costs-^for  the  privilege  of  enjoying  the  risk  of  transportation  on  wheels  where  no  vessel  was  ever  designed 
to  be. 

I  shall  touch  lightly  upon  but  one  or  two  more  points  in  this  remarkable  lett-er  of  Mr.  Reed. 

I  find  a  statement  on  page  43  respecting  the  difference  in  carriage  of  theTokio  and  City  of  Rome,  he  stating  that 
additional  length  of  car  is  what  is  needed  to  carry  the  heavier  ship.  The  wheels  are  placed  by  Captain  Eads  3  feet 
apart  along  the  rails,  each  wheel  to  bear  5  tons.  Consequently  3  feet  of  the  middle  of  the  ship  would  rest  upon  a 
row  of  wheels  across  the  tracks.    Three  feet  of  the  Tokio  weighs  about  91  tons,  and  three  of  the  City  of  Rome  107 
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toDS,  car  not  inclnded,  the  one  requiring  eigbtieen  wheels  for  ship  alone  and  the  other  twenty-one  wheels,  and,  of 
coarse,  the  same  number  of  rails. 

On  page  42  Mr.  Reed  states  that  I  had  limited  the  weight  per  wheel  to  5  tons  and  contended  for  that  as  a  limit — 
a  gross  misstatement ;  for  throughout  the  article  I  was  quoting  Mr.  Eads  limitation  of  5  tons  and  showing  fhat'he 
could  not  carry  ships  on  twelve  rails  with  that  limit  to  each  wheel.  It  was  also  clearly  explained  that  there  is  not 
a  paragraph  in  Mr.  Eads'  paper  in  which  there  is  not  one  or  more  erroneous  statements. 

In  a  recent  number  of  The  Engineering,  published  in  London,  is  an  article  evidently  a  production  of  Mr.  Eads, 
iu  which  the  limit  of  weight  per  wheel,  for  the  first  time,  is  put  up  to  10  tons.  Mr.  Reed  states  that  the  driving-wheels 
of  engines  sometimes  are  loaded  tc  10  tons,  which  is  wholly  imaginary.  In  the  article  before  him  was  a  table  of 
pressure  of  all  American  models,  and  but  one  had  so  large  a  pressure  as  5^  tons,  and  the  mean  of  all  was  4.7  tons. 
Our  locomotives  are  quite  as  heavy  as  any  in  England.    (See  Appendix  13.) 

I  think  enough  has  been  stated  to  show  the  unreliable  character  of  Mr.  Reed's  views,  opinions,  and  statements. 

It  was  before  necessary  to  mention  the  weight  of  3  feet  lengths  of  cross-sections  of  ships,  because  upon  that 
weight  must  depend  the  number  of  wheels  and  rails  necessary,  for  Captain  Eads  puts  his  wheels  3  feet  apart  along  the 
rails.  While  the  beam  and  depth  of  the  submerged  sections  measure  the  average  displacements  of  sections  of  the  hulls, 
they  do  not  measure  that  of  each  and  any  length  of  three  feet  in  the  central  part,  because  engines,  coal,  and  cargo  give 
excess  of  load  in  some  portions,  leaving  excess  of  buoyancy  in  others,  and  resulting  in  unequal  distribution  of  weights.. 
Without  knowing  the  weights,  etc.,  the  accurate  load  in  any  portion  cannot  be  determined,  and  the  computation 
would  be  difficult.  It  can  only  be  asserted  that  the  loads  in  places  will  be  larger  than  obtained  by  means  of  the 
simple  submerged  portion  of  the  ship.  Where  the  heavy  machinery  falls,  there  the  ship  car  would  have  a  greater 
load  and  a  more  destructive  pressure.  This  would  demand  a  large  safety  limit  in  fixing  the  weight  per  wheel  when 
at  rest. 

Jn  his  Review  article  Captain  Eads  stated  that  the  wheels  might  be  subjected  to  double  the  normal  load  because 
of  inequalities  in  the  road-bed  passed  over.  In  the  transportation  of  steamships  a  great  allowance  would  become 
necessary  because  of  the  weight  of  machinery,  as  above  stated ;  but  merchant  sailing-vessels,  it  will  be  shown,  offer 
examples  of  quite  as  great  loads  per  cross-section  as  do  great  steamships  like  the  Tokio,  because  of  the  breadth  and 
depth  of  cargo  stowage. 

Before  the  number  of  tracks  can  be  determined  we  must  fix  upon  some  weight  of  car.  It  has  been  seen  that  the 
little  English  coal  car  weighs  52  per  cent,  of  the  load  it  carries;  that  American  freight  cars  range  from  three-fourths 
of  their  load  up  to  as  much  or  more  than  the  load  carried.  The  Georgetown  pontoon,  with  no  requirement  but  the 
slow  movement  over  500  feet,  when  drawn  by  a  fixed  power  (200  H.  P.),  aided  by  counter-weights,  and  carrying  a  fiat- 
bottomed  canal-boat  restijig  upon  the  car  fioor,  weighs  about  as  much  as  the  loaded  boat  carried.  It  is  thus  clear  that 
the  car  to  transport  ships  must  be  a  very  heavy  affair.  But  assume  that  it  will  bear  to  its  load  about  the  ratio  of  the 
English  coal  car,  say  60  per  cent.,  then  for  a  4, 000- ton  load  the  weight  would  be  2,400  tons. 

There  sailed  from  San  Francisco  in  the  last  six  months  of  1881,  amongst  many  other  vessels,  the  Edward  May, 
the  Sterling,  and  the  J.  B.  Walker,  loaded  respectively  with  1,279  tonf),  2,559  tons,  and  3,295  tons,  all  American  ships. 
Their  total  weights,  in  the  order  named,  were  2,132  tons,  4,265  tons,  and  5,491  tons.  Three  feet  middle  lengths  of 
these  vessels  weighed,  respectively,  about  47  tons,  80  tons,  and  89  tons.  Their  transportation,  at  5  tons  per  wheel, 
would  consequently  require  for  ships  alone  9.4  rails,  16  rails,  and  17f  rails.  Adding  60  per  cent,  weight  of  cars,  the 
whole  number  of  rails  necessary  for  each  would  be  15  rails,  26  rails,  and  28  rails. 

According  to  the  Engineering  article,  Captain  Eads  has  already  doubled  the  limit  of  pressure  per  wheel,  making 
it  now  10  tons ;  but  it  will  be  seen  that  the  4,000-ton  vessel  would  still  require  more  than  12  rails.  He  might  as  well 
put  the  normal  pressure  at  20  tons  as  10  tons,  and  probably  will  now  that  it  becomes  necessary,  because  10  tons  for 
each  wheel  on  12  rails  will  hardly  suffice  for  grain  carriers  of  medium  weight.    . 

What  prevents  the  Great  Eastern  Company  from  putting  more  coal  on  a  4i-ton  car  with  its  four  wheels  T  The 
weight  of  coal  and  car  give  but  3  tons  pressure  'pn  wheel,  the  coal  alone  not  imposing  2  tons,  while  the  pressure  on 
the  road-bed  covered  is  only  about  380  pounds  per  square  foot  and  the  trains  move  slowly.  Why  is  a  locomotive,  with 
tender  of  40  tons  weight,  the  engine  weighing  25  tons,  considered  a  maximum  weight,  and  used  only  in  urgent  need  f 

Mr.  McAlpine,  in  his  letter  of  June  3  last  (see  Appendix)  explains  this — and  no  one  will  question  that  William 
J.  McAlpine  stands  in  the  front  among  railway  engineers — in  these  words,  quoting  from  that  letter:  '^  Of  the  inequal- 
ities of  the  surface  of  the  rails  of  the  best  built  railroads  in  the  world,  causing  constant  concussions  with  the  maxi- 
mum weight  of  40  tons,  and  would  be  multiplied  by  weights  of  5,000  to  10,000  tons,  sufficient  to  destroy  almost  any 
track  that  could  be  built  (the  concnssive  effect  being  as  125  of  250  to  1) ;  hence  a  speed  of  not  exceeding  one  mile  an 
hour  would  be  necessary,  or  150  hours  for  crossing  the  Isthmus. '^  On  American  freight  cars  the  normal  pressure  per 
wheel  is  2^  tons,  and  on  the  driving-wheels  of  locomotives  4.7  tons — one  pattern  going  np  to  5^  tons.  It  is  the 
destructive  concnssive  effects  that  destroy.  A  person  sianding  by  a  passing  freight  train  moving  15  miles  per  hour 
may  hear  these  heavy  blows  in  infinite  number.  Mr.  McAlpine  mentions  the  mechanical  impossibility  of  equally  dis- 
tributing the  weight  of  the  ship,  cargo,  and  cradles  ''on  1,200  wheels  over  six  ordinary  railroad  tracks,  so  th4it  some- 
times a  hundred  or  less  number  of  wheels  must  carry  the  whole  load ;  and  hence  that  the  substructure  must  be  immensely 
stronger  than  any  railroad  ever  built."  In  both  these  views  Mr.  A.  Savary,  in  his  letter  of  February  10, 1881,  fully  con- 
curs. (See  Appendix. )  And  special  attention  is  invited  to  the  letter  of  J.  F.  Rowland,  of  the  Continental  Iron  Works, 
New  York,  also  in  the  Appendix. 

In  this  connection  it  may  be  well  to  refer  to  the  experience  at  the  Georgetown  Incline,  where  there  are  four 
tracks  and  thirty-six  wheels  to  carry  a  loaded  canal-boat,  weighing,  with  load,  140  tons.  The  steel  rails — the  best 
obtainable — are  sometimes  crushed.    Those  rails  rest  upon  6-inch  by  12-inch  oak  timber  laid  in  cement  upon  stone 
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walls  bnilt  ap  from  solid  rock  and  leveled  with  the  utmost  obtaiDable  precision.    The  oak  timbers  afe  shivered  while 
the  rate  of  motion  is  very  slow. 

At  the  Washington  navy-yard  marine-way  the  rate  of  motion  in  hauling  np  vessels  is  so  slow  as  to  be  almost 
imperceptible  to  the  eye.-  Recently,  in  taking  out  a  vessel  weighing  near  1,100  tons,  it  became  necessary  to  supple- 
ment the  hydranlic  engine— pnmp  worked  by  a  75-horBe-power  steam  engine — with  powerful  purchases,  the  falls  of 
which  were  taken  to  capstans  manned  with  300  seamen,  and  two  weeks  were  occupied  in  getting  the  craft  out.  The 
connection  between  the  engine  and  car  is  by  3i-inch  diameter  iron  rods.  These  broke  repeatedly,  and  one  capstan 
was  twisted  in  two.  All  load  had  been  removed  from  this  vessel.  The  inclination  of  the  tracks  is  eqnal  to  275  feet 
per  mile,  and  yet  great  difficulty  was  experienced  in  moving  the  vessel  down  them,  even  with  the  aid  of  the  capstans 
and  purchases.    The  weight  per  wheel  was  7^  tons. 

When  marine  railways  were  first  projected,  their  capabilities  were  thought  by  engineers  to  be  far  greater  than 
experience  has  justified.  There  are  mechanical  difficulties  not  understood  and  as  yet  not'  provided  for  by  the  best 
engineering  skill,  which  preclude  the  practical  use  of  such  railways  with  heavy  vessels  or  loaded  vessels.  A  three- 
masted  schooner  loaded  with  600  tons  of  cargo  was  taken  upon  the  ways  at  one  of  our  large  ship-building  yards,  and 
while  the  total  weight  was  not  convidered  objectionable,  it  was  massed  so  that  the  vessel  was  got  out  of  the  water 
with  extreme  difficulty  and  at  the  cost  of  rebuilding  the  tracks  and  of  injury  to  the  vessel  itself.  lu  short,  the  ten- 
dency of  engineering  in  that  direction  is  the  abandonment  of  marine  ways  in  favor  of  docks,  either  permanent  or 
floating,  from  which  the  water  is  pumped.    (See  Savary's  letter ;  also  pages  17, 18, 19,  and 20,  in  Appendix.) 

Taking  what  McAlpine  states  and  the  experience  at  Georgetown  into  view,  will  it  not  be  suspected  that  even  5 
tons  is  a  high  limit  of  weight  per  wheel  for  safety?  The  ship  weighing  4,265  tons  and  the  car  together  would  put 
6,824  tons  on  the  track,  and  the  number  of  wheels  required  would  be  1,365  at  5  tons  each.  Let  the  whole  load  fall 
on  100  of  these  wheels,  as  McAlpine  says  may  happen,  there  would  be  68  tons  on  each  wheel.  Should  the  normal  load 
per  wheel  be  increased  to  10  tons,  then  the  pressure  would  become  twice  68  tons,  or  136  tons  per  wheel.  Assnjning 
that  the  transporting  car  weighs  nothing,  there  would  be  42  tons  per  wheel  in  the  first  instance  and  84  tons  in  the 
second.  It  is  not  considered  wortli  while  to  waste  more  time  in  showing  that  the  number  of  tracks  must  exceed  six 
or  twelve  rarils,  and  largely  exceed  that  number. 

Thus,  to  carry  the  ordinary  grain  diip  there  must  be  at  least  sixteen  rails,  and  such  further  number  as  are  neces- 
sary to  carry  the  car  itself.  Shall  this  be  taken  to  be  25  per  cent,  of  load,  half  that  of  the  little  English  coal  car  to 
its  load  f  If  so,  the  rails  must  become  twenty.  If  the  ship  car  be  taken  to  be  50  per  cent,  of  load,  the  rails  required 
would  become  twenty-four,  and  so  on.  In  any  event  the  cost  of  the  roadway  would  be  largely  increased  beyond  that 
of  a  road  of  twelve  rails. 

Twenty-four  rails  across  the  Isthmus  would  be  the  equivalent  of  1,500  to  1,800  miles  of  single-track  road,  depend- 
ing upon  where  the  Pacific  port  might  be. 

The  ordinary  American  freight  car  gives  a  pressure  of  about  160  pounds  per  square  foot  of  ground  covered.  The 
4,000-ton  ship  would  give  ten  times  that  pressure*  and  the  ship  and  car  together,  when  at  rest,  one  t-on.  Under  the 
American  car  are  eight  wheels.  Were  it  possible  for  the  whole  weight  to  fall  upon  one  of  these  wheels  it  would  bear 
but  20  tons ;  but  it  is  impossible  for  it  to  fall  upon  less  than  four  of  the  wheels,  making  the  load  on  each  five  tons. 

Xhis  leads  np  to  a  point  most  carefully  avoided  by  the  railway  advocates,  the  fact  that  bodies  moving  over  plane 
surfaces  practically  rest  upon  few  points,  because  a  true  plane  cannot  be  maintained  under  them.  The  American  car 
rests  upon  two  central  points  in  the  center  of  a  system  of  four  wheels,  placed  at  each  end  of  the  car.  Each  system 
of  wheels  being  independent,  each  of  the  four  wheels  bears  an  equal  pressure  when  at  rest.  In  motion,  it  is  possible 
two  upon  the  same  side  may  bear  the  load.  It  often  happens  that  first-class  passenger  cars  have  six  wheels  at  each 
end,  and  but  four  of  the  six  carry  the  load.  Two  on  either  side  run  upon  the  higher  surfaces  of  the  rails  while  the 
third  passes  over  depressions,  and  hence  the  comparative  ease  in  motion  of  such  a  car.  A  ship  on  a  car  would  prac- 
tically rest  on  few  points  of  the  track  during  the  Isthmus  transit,  points  momentarily  shifting,  but  always  producing 
great  strains  on  wheels  and  axles,  and,  in  the  can-iage  of  a  ship,  any  attempts  to  distribute  load  by  hydraulic  devices 
would  result  in  local  strains  to  the  hull,  of  which  Mr.  White  makes  mention  in  quotations  that  will  be  given  further  on. 

This  is  but  another  way  of  stating  Mr.  McAlpine's  proposition,  that  one  hundred  or  less  wheels  will  bear  the 
entire  load  at  times.  Where  such  weights  should  fall  upon  the  wheels  the  upward  thrust  upon  the  ship  could  not  fail 
to  produce  serious  strains  to  the  hull. 

It  follows  that  enormous  pressures  must  and  would  fall  upon  very  limited  areas  of  road-bed;  that  the  medium- 
sized  grain  carrier,  not  taking  into  consideration  the  car  carrying  it,  would  bring  42  tons  upon  a  single  wheel  among 
1,300 ;  or  should  the  normal  weight  per  wheel  be  made  10  tons,  then  of  84  Ions.  What  manner  of  road  constniction 
would  hold  under  euch  a  pressure,  delivered  at  the  point  of  contact  of  a  wheel  with  the  rail,  and  with  concussive 
blows  f 

It  is  quite  useless  to  follow  up  this  line  of  thought  except  to  apply  it  as  the  most  important  factor  in  estimating 
the  cost  of  the  bed  of  a  shipl-ailway  designed  for  such  loads. 

The  cost  of  the  foundation  of  the  Brooklyn  navy-yard  dock  was  at  the  rate  of  |500,000  per  mile,  and  Mr.  McAl- 
pine states  that  the  ground  is  firmer  than  that  of  the  first  60  miles  from  Minititlan  on  the  ship  railway  line.  But  the 
dock  was  designed  to  support  3,000  tons  entirely  at  rest.  The  road  in  the  transportation  of  the  4,000-ton  ship  would  be 
subject  to  pressures  per  square  foot,  with  the  train  going  6  miles  an  hour,  fifty  to  one  hundred  times  greater  than  the 
dock  is  made  to  bear. 

Had  the  dock  foundation  been  designed  for  such  weight  and  concussive  action,  its  cost  would  have  been  much 
greater. 

The  foundation  of  the  Washington  Monument  can  under  no  circumstances  be  exposed  to  more  than  5  tons  press- 
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are  per  square  foot.  It  is  20  feat  dfep  below  the  DRtiiral  enrface  nod  mostlj  of  hydraulic  concrete.  It  is  held  that 
ttom  one  ton  to  one  and  three-quarters  of  a  ton  is  as  mtich  pressure  per  square  foot  as  can  be  safely  allowed  under  the 
best  buildings;  but  the  weight  is  at  entire  rest. 

The  Gwat  Eastern  when  launched  weighed  12,000  tous  and  rested  npoD  20,000  feet  of  groniid.  This  was  heavily 
piled  and  large  timbers  srcnred  upon  either  aide  of  the  pile-heads.  Over  all  were  'i  feet  of  concrete,  and  on  this  a 
covering  of  oak  timber  12  inches  thick,  across  which  the  ways  were  laid. 

With  these  exkniples  id  view,  and  having  in  mind  also  the  vast  weights  liable  to  fall  upon  any  point  of  a  road- 
bed from  40  to  SO  feet  wide,  as  it  most  be  to  carry  grain  ships,  it  appears  certain  the  coet  per  mile  of  the  70  miles 
between  the  Uspanapa  and  the  Upper  Costzacoalcoe  Kivers,  for  the  foundation  alone,  the  superstructure  being  left  out 
nf  the  calculation,  would  be  an  immense  sum.  Mr.  McAlpinesaya:  "I  have  described  from  personal  surveys  the  route 
which  his  (Eads)  engineer  has  selected,  and  have  spoken  of  the  euonuous  coet  and  difficulty  of  carrying  bis  roadway 
across  the  (feepturarapsof  one-half  at  least  of  the  first  60  miles,  from  near  Minitillan."  Ur,  A.  Savory  says  the  "grading 
and  superstructure  for  a  railway  of  satflcient  strength  to  sustain  the  weight  of  a  3,000-lon  ship  tnnat  cost  more  to 
begin  with  than  a  canal  of  equal  capacity."     (See  Appendix.) 

Over  such  a  country  the  cost  of  the  road-bed  alone  would  be  far  more  than  the  coet  of  a  canal  to  carry  the  largest 
steamship  on  the  Atlantic,  and  more,  mile  for  miie,  than  the  canal  acrose  Nicaragua,  where  the  deepest  cut  between 
the  lake  and  the  Pacltic  is  not  half  Ihe  height  of  the  hill  ottahich  Ihe  Cojitlol  (fondi,  and  the  greatest  elevation  tobeoTer- 
come  not  that  of  Ike  Senate  Cliamber  fioor  abort  Ihe  Polomae. 

Then,  the  mountain  country  over  Tehuantepec  is  rongh ;  there  would  be  many  cnts  and  many  fills ;  rapid  and 
turbulent  streams  to  pass,  and,  in  the  descent  to  the  Pacific,  a  cut  of  313  feet  to  secure  a  grade  even  as  favorable  as 
105.6  feet  per  mile,  a  grade  considered  inadmissible  on  a  first-class  railroad- 

In  the  fills,  sloue  foundations  for  each  one  of  the  tracks  must  be  constructed,  resting  upon  the  solid  rock  beneath, 
or  upon  piling,  and  every  where  that  rock  is  not  reached  expensive  fouudaiions  mustbebnilt.  I  was  in  a  great  cyclone 
on  that  part  of  the  coast  in  1606,  in  which  27  inches  of  rain  fell  in  forty  hoars.  The  floods  that  followed  apon  it  swept 
whole  fotesta  to  sea,  and  with  the  diMe  were  jaguars,  deer,  and  other  wild  animals,  helpless  in  the  resistless  tor- 
rents.    What  kind  of  road-bed  wonld  have  safely  borne  4,000  or  6,000  tons  in  the  midst  of  such  a  storm,  or  following 

It  is  sorely  not  necessary  to  pursue  this  subject  farther.  The  superstructure,  the  lifts,  the  cars,  the  sidings,  the 
turn-tables,  the  fixed  engines,  the  traction  engines,  the  harbors,  the  rivers,  the  lagoons,  each  and  all  are  very  expensive 
items  going  to  make  up  the  total  cost  of  the  railroad. 

On  a  canal,  even  the  locks  can  be  easily  worked  by  a  turbine  wheel  driven  hy  water  taken  from  the  canal  itself, 
^hus  avoiding  expensive  steam  machinery.  The  ship  railway  will  be  several  times  longer  than  the  Nicaragua  Canal, 
and  must  cost  several  times  more  than  the  whole  cost  of  the  canal,  and  consequently  ihrre  in'IJ  be  a  much  larger  oapilal 
on  vkich  lo  earn  dividend!,  while  the  cost  of  maintaining  and  operutjpg  the  road  woold  bifive  tinie$  greater. 

The  annual  cost  for  maintenance  and  operating  the  New  York  Central  and  Hudson  River  Railroad  in  1680  was 
59.04  per  cent,  of  groFs  earnings ;  for  the  Erie  Raili-oad,  62.29  per  cent. ;  and  for  the  Pennsylvania  Railroad,  61.80  per 
cent.,  the  mean  being  about  61  per  cent. 

Mr.  Eads,  in  his  bill,  fixes  upon  50  per  cent,  of  earnings  for  expenses.  The  Suez  Canal,  100  miles  long,  is  con- 
ducted for  a  little  over  10  per  cent,  of  earnings,  and  would  be  for  less  but  for  the  great  expenses  ($164,000)  in  the  Paris 
office.     The  North  Sea  Canal,  passing  tj,500  vessels  through  two  sets  of  locks  and  16  miles  of  canal,  costs  but  ^5,000 

The  estimated  coet  of  the  Nicaragua  Canal,  bated  vpon  actval  ivttruvtental  mtamremeiilt,  including  lake,  river,  and 
harbor  work,  is  $41,000,000.     Assume  its  final  cost  to  be  $75,000,000,  its  length  being  53.15  miles. 

Six  per  cent,  on  $75,000,000  is : $4,500,000 

Add  for  all  expenses 600,000 

Total  earnings  neceeaar;  for  6  per  cent,  profits 5,100,000 

Captain  Eads  estimates  his  railway  to  cost  $75,000,000,  the  estimates  not  being  based  on  actual  measurements 
except  for  small  part  of  the  line,  l.et  us  assnme  that  hie  road,  eqnipments,  and  all,  would  co«t  no  mart  than  his  esti- 
mates, then —  . 

Six  per  cent,  on  $75,000,000 $4,500,000 

Add  for  expenses  50  per  cent .*. 4,500,000 

Amoant  of  earnings  necessary  for  6  per  cent,  profit 9,000,000 

The  amount  for  the  canal  was 5,100,000 

Difference  against  the  railroad 3,900,000 

Take  it  the  other  way,  the  business  being  supposed  3,000,000  tone —  , 

The  yearly  earnings,  3,000,000  tons  at  $2.S0  per  ton $7,500,000 

Deduct  for  expenses  50  per  cent -. 3,750,000 

Net  earnings 3,750,000 

For  the  canal  the  net  earnings  would  be 6,900,000 

Diflisrence  against  the  railroad 3,150,000 
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Bat  it  is^worth  while  to  mentiou  that  the  ship-railway  grant  would  admit  of  a  charge  per  ton  three  times  greater 
than  $2.50  per  ton.  Shoald  the  real  cost  of  the  road,  or  such  as  safe  men  would  prohably  estimate  it  to  cost,  be  taken 
in  the  above  estimates,  the  showing  would  be  far  less  favorable  to  the  road. 

But  perhaps  the  friends  of  the  tailroad  may  claim  that  the  estimates  for  canal  expenses  are  too  small.  The  North 
Sea  Canal,  16  miles  long,  with  two  sets  of  locks  and  an  artificial  harbor,  standing  on  a  sand  beach  in  the  North  Sea, 
costs  yearly  $75,000,  and  has  a  large  bnsiness.  The  Suez  Canal,  100.15  miles  long,  through  which  over  4,000,000  tons 
of  shipping  is  now  passing  yearly,  costs  for  management,  maintenance,  and  operation  $835,000  to  $860,000  yearly, 
including  cost  of  towing  vessels  and  of  1,500,000  cubic  yards  of  dredging. 

The  Louisville  and  Portland  Canal,  with  two  large  locks,  tug,  dredges,  and  dock,  costs,  less  dredging,  $30,000 
yearly.  The  Saint  Mary's  Falls  Canal,  having  the  largest  lock  in  the  world,  costs,  it  is  estimated  by  General  Weitzel, 
^25,000  yearly. 

These  different  jvorks  give  for  the  cost  of  53  miles  of  canal  and  harbor  work,  allowing  $20,000  for  each  of  the 
twelve  locks  in  the  Nicaragua  Canal,  a  mean  result  of  $544,873,  as  follows : 

Suez  Canal $666,513 

Louisville  and  Portland  Canal 465,204 

Saint  Mary's  Falls  Canal 596,374 

North  Sea  Canal 451,402 

Mean 544.873 

This  should  be  satisfactory  .evidence  as  to  the  yearly  cost  of  the  Nicaragua  Canal,  and  that  it  would  not  exceed 
$600,000.    At  all  events,  in  no  case  can  the  Secretary  of  the  Treasury  allow  more  than  $1,000,000  for  all  expenses. 

Jdaptain  £ads  has  overlooked  the  destructive  effects  of  earthquakes.  When  they  are  mentioned,  however,  he 
denies  their  existence  on  the  Tehuantepec  Isthmus.  But  they  are  quite  frequent  on  that  Isthmus,  and  while  they 
would  probably  not  injure  the  road-bed,  they  wOuld  destroy  any  shipping  on  the  road  mounted  upon  cars. 

This  will  the  more  fully  appear  from  accounts  of  earthquakes  (see  letter,  Appendix)  given  by  Dr.  Thomas  A.  Streets, 
surgeon  U.  S.N.,  who  was  a  member  of  the  Canal  Survey  in  Tehuantepec,  and  by  Commodore  Shufeldt,  page  106  of 
his  report  of  that  survey. 

Dr.  Streets  says  there  were  four  earthquakes  between  November  and  May,  1870-'71.  One  occurred  in  February 
at  La  Vente  de  Chicapa,  which  is  at  the  foot  of  the  pass.  The  doctor  found  it  necessary  to  seize  hold  of  a  gate-post 
to  prevent  falling.  Some  time  previously  the  house  he  was  staying  in  had  been  rent  in  an  earthquake.  In  Shufeldt's 
report  I  find  the  following:  *^ There  (Chimalapa)  the  doors  and  windows  of  the  house  we  occupied  were  unhinged ;  a 
section  of  the  adobe  wall  over  the  window  was  broken  in ;  portions  of  the  plastering  and  some  of  the  thatched  roof  were 
thrown  down ;  our  animals  were  thrown  on  their  knees,  and  were  unable  to  regain  their  feet ;  and  an  old  house,  with 
its  long  grass  roof,  near  which  we  had  been  sitting,  shook  like  a  load  of  hay  passing  over  a  stony  road,  which,  indeed,  it 
much  resembled.  It  was  exceedingly  difficult  to  stand  erect,  and  we  found  it  necessary,  in  order  to  maintain  this 
position,  to  hold  fast  to  an  old  stone  wall  which  happened  to  be  near.  The  shock,  which  lasted  sixty-four  seconds, 
came  from  the  east  and  passed  to  the  west,  and  was  preceded  by  a  loud  rumbling  noise.  The  motion  was  wholly  of 
the  vibratory  or  horizontal  sort." 

I  was  in  an  earthquake  in  Chili  of  severe  character,  in  April,  1851,  and  was  in  position  to  notice  the  ridge  of  a 
long,  low  roof  which  had  a  wave  movement,  as  if  imparted  by  the  passage  under  the  building  of  surface  swells, 
precisely  similar  to  the  ^*  dead  swell"  in  water  when  a  calm  suddenly  springs  up  over  a  lake.  One  I  experienced  was 
like  the  tossing  one  undergoes  in  a  railway  car  off  the  track  and  running  over  the  ties. 

The  vast  pressure  such  movements  would  cause  to  small  sections  of  car  and  ship  in  quick  succession  would  destroy 
both  ship  and  car.  Consider  a  ship  at  such  a  time  mounted  upon  a  car,  the  hull  towering  40  or  50  feet  above  the 
road-bed,  or  three  or  more  times  higher  than  the  low,  yielding  adobe  walls  of  the  native  houses,  and  reflect  upon  the 
chance  it  would  have  when  shaken  about  '^like  a  load  of  hay  on  a  stony  road,"  the  car  being  twisted  under  the  ship 
by  the  irresistible  and  continuous  throes  of  the  earth's  surface ! 

Mr.  Reed  states  that  the  road  could  be  easily  extended  to  take  ships  of  larger  size  than  those  at  first  provided 
for.  The  Nicaragua  Canal  woald  present  this  supreme  advantage,  that  it  would  he  constructed  in  the  outstart  to  carry  larger 
vessels  than  any  now  employed  in  commerce. 

But  Mr.  Reed  was  mistaken  in  that,  as  in  his  other  assertions.  The  sketches  I  have  had  made  will  show  this. 
The  grai^  carrier  weighing  2,000  tons  would  not  impose  as  much  pressure  on  the  road-bed  per  square  foot  by  40  per 
cent,  as  the  one  of  4,000  tons.  The  number  of  rails  for  the  larger  vessel  would  become  greater  and  the  spaces  between 
them  much  less.  These  additional  rails  must  be  supported  upon  stone  walls,  concrete  or  piling,  structures  resting 
upon  rock  or  solid  ground  beneath.  When  the  carriage  of  the  Tokio  becomes  a  question,  the  number  of  rails  would 
need  to  be  increased  from  the  original  thirteen  to  tweaty-niue,  under  each  of  which  some  kind  of  substructure  must 
be  built.  How  could  this  be  done  while  ships  are  passing  over  the  road  f  A  road  which  was  made  at  first  to  bear  a 
possible  pressure  of,  say,  30  tons  per  square  foot,  would  have  to  be  strengthened  to  bear  one  of  100  tons  or  more,  and 
rails  that  were  4^  feet  apart  must  be  spaced  If  feet  apart. 

Now  we  come  to  the  time  of  passage  between  Sau  Francisco  and  New  York.  For  all  other  trades  the  Nicaragua 
route  is  the  more  favorable,  and  were  there  exactly  equal  facilities  of  transit  over  the  two  Isthmuses,  the  southern  one, 
for  reasons  connected  with  navigation,  would  be  preferred.  Between  those  two  ports  the  distance  in  favor  of  Tehu- 
antepec is  about  560  miles.  It  depeuds  somewhat  on  the  route  taken  and  whether  the  vessel  be  propelled  by  steam  or 
sail.    No  masters  of  sailing  vessels  like  the  Qulf  of  Campeachy,  with  its  dangerous  northers,  or  light  winds  and  west- 
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erly  currents,  any  more  than  they  like  the  region  of  Yentosa  B^y,  or  bntting  against  the  Gulf  Stream  in  outward 
voyages. 

The  distance  in  favor  of  Tehnantepec  equals  two  days'  moderate  steaming.  Mr.  SfcAlpine  claims  the  railroad 
time  would  be  one  hundred  and  fifty  hours.  He  is  a  railway  engineer,  which  Mr.  Eads  is  not.  Mr.  A.  Savary  also 
claims  that  the  speed  must  he  a  very  slow  one.  To  the  time  on  the  rails  must  he  added  time  to  lift  the  ship  out  of  the 
water  and  to  return  it,  30  miles  of  river,  and  long  detentions  at  points  for  passing  other  vessels.  Assuming  Mr. 
McAlpine's  rate  of  speed,  the  time  across,  supposing  no  unusual  detention,  would  he  eight  or  nine  days.  Mr.  Eads 
claims  that  he  could  make  6  miles  per  hour.  Giving  his  road  the  benefit  of  a  mean  between  himself  and  two  railway 
engineers  of  distinction,  we  have  3  miles  per  hour,  or  fifty  hours  on  the  rails,  without  including  detentions  at  each 
siding,  wtiich  means  either  a  turn-table  to  change  direction  so  that  a  ship-car  can  be  run  off  to  one  side,  or  a  section 
of  the  track  constructed  as  a  sub-car  to  carry  its  own  load,  that  of  the  ship-car  and  ship,  off  to  one  side,  while  another 
track  on  wheels  is  pulled  into  place  to  serve  the  passing  ship,  after  which  the  ship  and  car  are  to  be  moved  back  to 
the  road  line.  Powerful  machinery  would  be  required  at  each  of  these  turn-outs  and  immensely  strong  sub-cars.  It 
is  clear  that  once  at  a  station,  a  ship  would  be  held. until  the  way  were  clear  between  it  and  the  next  station.  Should 
any  accident  occur,  it  matters  little  how  trivial,  between  these  stations,  the  entire  business  of  the  road  would  be  ar- 
rested. A  ship-car  could  not  be  thrown  off  to  one  side.  Hence,  very  liberal  allowance  must  be  made  for  meeting  the 
eight  to  twelve  vessels  due  on  the  road  during  the  transit  of  the  vessel  over  the  Isthmus.  Here,  too,  the  canal  presents 
vast  superiority.  In  it  such  vessels  as  Captain  Eads  proposes  to  transport  would  pass  each  other  without  a  mementos 
delay. 

As  the  meeting  stations  along  the  road  would  be  very  costly  affairs,  there  could  be  but  few  of  them. 
Then  we  have  time  for — 

•  Hours. 

Road  transit 50 

Meeting  ships 24 

River,  30  miles 3 

Raising  vessel,  etc : 8 

Detentions,  etc b 

Total  time  necessary 93 

or  about  four  days. 

Estimate  for  the  Nicaragua  Canal. 

In  the  Caledonian  Canal,  exclusive  of  lakes,  23  miles  long,  122  feet  wide  at  surface,  and  20  foot  doop,  steamers 
of  not  more  than  17  feet  draft  proceed  under  steam  at  7  to  II  miles,  this  speed  having  been  made  possible  by  a  simple 
covering  of  stone  on  the  slopes,  which  protects  them  from  injury.  (See  Annual  Cyclopedia.)  Thus,  so  long  as  there 
are  3  feet  under  the  keel,  steamers  go  about  their  business.  In  the  Nicaragua  Canal  of  150  feet  width,  with  such  a 
protection,  steamers  of  24  feet  draft  could  do  the  same. 

At  all  events,  such  craft  as  Captain  Eads  is  to  carry  could  steam  along,  or  be  towed,  if  sailers,  at  will.  And 
since  we  have  assumed  three  times  more  speed  for  his  railway  than  railway  engineers  accord,  we  will  bo  justified  in 

adopting  here  what  is  actually  done  elsewhere.    Thus : 

•                                                     •  H.  M. 

51^  miles  canal  at  ten  miles  per  hour 5  15 

Twelve  locks  at  twenty-two  minutes  (double  General  WeitzePs  estimate) 4  24 

120  miles  river  and  lake 12  00 

Unforesben  detentions 8  00 

Total  time  necessary 29    39 

The  result  is  sixty -three  hours  in  favor  of  the  canal,  or  much  more  than  the  time  necessary  for  steamships  run- 
ning via  Nicaragua  to  make  good  any  difference  in  distance,  while,  as  before  stated,  currents,  winds,  and  lee  shores 
elsewhere  make  Nicaragua  the  best  route  for  sailing  craft. 

In  the  Appendix  will  be  found  a  statement  of  the  course  of  commerce  in  respect  to  the  two  routes,  where  it  is 
shown  that  Nicaragua  is^he  shorter  and  better  one  for  much  the  larger  portion  of  the  carrying  business,  and  would 
have  more  husinest  than  the  ship-railroad  could  possibly  have.  No  further  statement  here  is  regarded  as  necessary 
touching  this  matter. 

There  is  a  view  of  this  ship-railway  question  that  appears  to  me  to  end  all  argument.  A  ship  is  built  to  sail  in 
the  water;  to  float  upon  water;  to  carr^  upon  water,  and  to  resist  strains  coming  from  water.  It  is  a  structure 
owners  never  take  from  water  support  except  reluctantly  and  with  apprehension,  and  always,  when  it  can  be  done 
weight  is  removed  before  docking.  See  in  Appendix  letters  of  builders,  ship-owners,  underwriters,  and  Mr.  Savary. 
White,  in  his  Manual  of  Naval  Architecture,  on  page  280  says:  *'The  bottoms  of  ships  crush  up  or  are  much  dam- 
aged, very  often  before  the  structural  strength  against  bending  strains  is  overtasked.  *  *  *  It  appears  that,  in 
extreme  oa§e8  of  support  ashore,  the  nuunmum  hending  ttrains  reach  from  four  to  $ix  times  the  maximum  strains  incidental  to 
the  extreme  oases  of  support  amongst  waves."  And,  treating  of  transverse  strains,  gn  page  283,  Mr.  White  remarks:  **  It 
is,  however,  certain  that  ships  in  dock,  especially  wood-built  iron-clad  ships,  require  to  be  very  carefully  supported 
by  shores  in  order  to  prevent  changes  in  transverse  form ;  and  many  cases  are  on  record  where  such  changes  have 
actually  taken  place.  The  converted  iron-clads  of  the  Royal  Navy  have,  for  example,  been  found  to  break  transversely 
when  in  dock  even  when  well  shored,^^    The  vessels  here  spoken  of  are  relieved  of  all  movable  weight  before  being  docked. 

H.  Ex.  107 24: 
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What  will  owners  of  our  namerous  wood-built  ships  think  of  the  risk,  when,  to  the  weight  of  hull,  is  added  that 
of  cargo,  the  whole  mounted  upon  wheels  and  subject  to  the  thrusts  and  A'ibrations  of  an  uneven  movement  over  a 
roadf 

When  vessels  are  partially  water  borne,  being  aground,  Mr.  White  says,  page  295 :  "  When  a  ship  grounds,  her 
supports  are  often  so  far  and  small  that  the  bottom  cannot  withstand  the  concentrated  upward  pressure  which  then 
produces  considerable  local  damage."  Again,  page  297:  "  Grounding  is  another  cause  of  more  or  le^  severe  local 
strains,  the  intensity  depending  upon  the  amount  and  distribution  of  the  supports.  Very  concentrated  supportSf  as  has 
already  been  shown,  may  crush  up  the  bottom." 

It  thus  appears,  in  Mr.  White's  view,  ships  are  not  calculated  for  those  groat  local  strains  implied  by  mechanical 
contrivances  intended  to  be  placed  under  them,  to  relieve  portions  of  the  carrying  car  from  destructive  weights  im- 
posed by  the  changing  and  irregular  surfaces  of  the  road-bed.  In  short,  Mr.  White's  position  is  that  ships  are  not  in- 
tended to  touch  ground  at  all,  and  should  they  do  so,  the  chances  are  severe  damage  as  a  result.  Mr.  Reed  in  his 
statement  before  the  Senate  Committee  on  Commerce  said  that  Americans  could  build  ships  adapted  for  the  railway, 
and  thus  have  an  advantage  in  its  use  as  compared  with  other  mercantile  marines. 

In  this  remark  he  gave  up  the  whole  case;  but  what  are  we  to  do  with  our  fine  fleet  of  wooden  ships  now  em- 
ployed in  the  Pacific,  and  which  have  no  peculiarities  of  construction  called  for  by  the  probable  exigencies  of  railway 
transportation  f 

The  longitudinal  strength  of  ships  is  considerable,  but  their  weights  are  so  great,  especially  when  loaded,  that 
the  strength  of  hull  when  out  of  water  is  to  be  counted  as  nothing.  The  iron-clad  Independencia  crushed  up  when 
short  of  her  sea-going  load  by  3,000  tons.  The  line-of-battle  ship  Cffisar  bent  out  of  1  i  n  2  feet  when  64  feet  of  her 
length  hung  over  the  ways.  But  the  Prince  of  Wales  steamer  caught  upon  a  wharf  edge,  her  stern  being  in  the  wat^r, 
and  lay  there  a  while  without  a  change  of  form  ;  still,  she  was  mainly  water-borne,  and,  as  far  as  appears,  was  not 
loaded.  On  page  404  Mr.  White  mentions  that  a  number  of  iron  vessels  having  broken  in  two  on  grounding,  the  two 
parts  had  been  floated  and  reunited  successfully.  These  instances  are  mentioned  because  it  has  been  stated  that  ships 
may  be  lifted  by  the  ends  or  suspended  amidships  without  injury — a  most  preposterous  statement. 

The  iron  plates  on  a  vessel's  sides  or  bottom,  when  subjected  to  strains,  act  upon  the  rivets  precisely  like  shears 
with  the  effect  of  clipping  off  the  rivets'  heads,  and  this  is  known  as  *' shearing  rivets."  Messrs.  William  Cramp  & 
Sons  hauled  out  upon  their  ^^  marine  ways"  a  vessel  built  of  steel  plates.  The  shearing  process  became  so  active 
during  the  descent  on  the  Avays  back  to  the  water  that  the  vessel  sank  from  loss  of  rivets. 

It  is  clear  the  situation  calls  for  a  canal,  a  means  of  transit  for  all  description  of  mercantile  craft  on  the  ocean,  and 
one  that  the  world  will  accept  as  safe,  free  of  peril,  and  of  the  taint  of  experiment  and  of  chances  such  as  the  car- 
riage of  ships  overland  would  entail. 

A  canal  is  free  of  all  experimental  character,  and  the  entire  feasibility  of  one  across  Nicaragua  is  admitted  by  all 
men.  W^hat  has  been  said  in  this  paper  of  the  obstacles  to  be  overcome  by  Captain  Eads  ,in  his  ship-railway  project 
can  only  be  answered  by  an  absolute  demonstration  in  the  carriage  of  ships,  and  the  position  taken  must  stand  as 
unaswerable  in  any  other  way  than  by  trial. 

Then,  should  Captain  Eads  succeed  in  carrying  a  ship  in  apparent  safety,  he  will  have  simply  adopted  a  means 
of  transit  much  more  costly  in  the  first  instance  than  a  canal  constructed  whore  the  hand  of  nature  has  prepared  the 
way,  and  far  more  costly  to  maintain  and  operate.  This  would  be  creating  a  source  of  needless  and  inexcusable  tax 
upon  shipping  and  upon  the  industry  of  the  Pacific  coast  peo^,  a  tax  established  by  aid  of  the  public  treasury  and 
maintained  by  the  Government. 

Mr.  Reed  says  on  page  44  of  Eads's  pamphlet:  ''As  regards  the  comparative  economy  of  transporting  a  ship's 
cargo  by  canal  or  railway,  I  am  inclined  to  believe  that  the  railway  would  prove  the  more  economical  of  the  two." 
If  this  means  anything,  it  is  that  the  owners  of  the  Suez  Canal  should  fill  up  their  ditch,  lay  rails  along  it  to  carry 
ships  over  on  wheels,  adding  thereby  to  profits  already  90  percent,  of  their  gross  receipts,  by  saving  part  of  the  remain- 
ing 10  per  cent,  paid  out  for  expenses. 

f 


[Extracts  from  the  discussion  of  the  Tehuantepec  ship-railway  scheme  before  the  Committee  of  Foreign 

Affairs  of  the  House  of  Representatives.] 

STATEMENT  OF  MR.   CHARLEIS  H.  CRAMP. 

Mr.  Kasson.  Please  state  your  residence  and  occupation. 

Mr.  Cramp.  I  am  president  of  the  .William  Cramp  <&  Sous  Ship  and  Engine  Building  Company  of  Philadelphia. 
We  are  ship-builders.  We  have  designed  and  launched  over  two  hundred  and  fifty  vessels  that  we  have  built  ourselves. 
We  are  also  the  owners  of  a  marine  railway  and  a  dry  dock,  and  we  have  built  marine  railways.  I  think  we  have 
hauled  out  the  heaviest  vessels  that  have  ever  been  hauled  out  on  temporary  ways,  one  of  them  a  United  States 
monitor  with  her  side  armor  on  and  the  machinery4in  her,  makiug  a  very  heavy  weight,  very  much  concentrated  in  a 
small  space.    The  weight  was  over  2,200  tons. 

Mr.  Kasson.  Please  state  now  your  opinion  upon  the  practicability  of  adjusting  ships,  loaded  or  unloaded,  such 
as  are  used  in  commerce,  for  carriage  over  a  railway,  in  respect  to  security. 

Mr.  Cramp.  H  is  practically  impossible.  I  have  seen,  so  far,  no  explanation  by  the  promoters  of  the  scheme  of 
how  it  can  be  done.    Vessels  are  so  constructed  that  in  docking  them,  that  is,  hauling  them  out  on  a  dry  dock  or  marine 
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l>ut  a  trifle  ou  anything  of  that  kind;  they  cannot  afford  to  spend  even  1  per  cent,  of  the  value  of  the  vessel  for  sach 
a  purpose,  let  alone  25  or  30  per  cent. 

Mr.  Bunnell.  Is  there  a  marine  ship-  railway  in  Philadelphia  T 

Mr.  CraMp.  Yes,  sir;  we  have  one. 

Mr.  DUNNELL.  What  is  its  length  T 

Mr.  Cramp.  We  can  take  out  light  vessels  250  feet  long  and  heavy  vessels  200  feet  long. 

Mr.  DuNNELL.  Do  you  have  any  difficulty  in  taking  out  vessels  on  that  railway  T 

Mr.  Cramp.  We  have  great  difficulty;  as  I  said  before,  the  weight  of  the  entire  vessel  has  to  be  sustained  in  the 
center,  and  the  rails  with  which  we  pull  up  the  vessels  are  only  in  the  center — the  weight  of  the  vessel  being  in  the 
center,  the  rails  are  there. 

Mr.  Bunnell.  Are  there  other  ship-railways  in  the  world  T 

Mr.  Cramp.  Yes,  sir;  I  have  seen  them  in  Scotland  and  in  France.  There  is  also  one  iu  New  York ;  but  all  the 
ship-railways  in  the  United  States  are  small,  and  none  of  those  in  Europe  are  very  large. 

Mr.  Bunnell.  Those  railways  are  used  in  Europe,  aye  theyT 

Mr.  Cramp.  Yes,  sir;  for  taking  out  light  vessels. 

Mr.  Bunnell.  Bo  you  mean  that  this  ship-railway  in  Philadelphia  is  used  for  transporting  vessels,  or  only  for 
hauling  them  out  of  the  water  T 

Mr.  Cramp.  Not  for  transporting  vessels;  only  to  haul  them  out. 

Mr.  Walker.  You  mean  a  contrivance  with  an  inclined  plane  to  haul  vessels  out  of  the  water  f 

Mr.  Cramp.  Yes,  sir ;  to  haul  vessels  out,  in  order  to  repair  them.  It  is  only  done,  however,  with  small  vessels, 
and  even  to  them  there  is  some  injury.  We  tried  once  to  haul  a  loaded  vessel  up  on  our  marine  railway  there  in  Piiila. 
dclphia,  a  large  schooner  that  had  gone  south  immediately  after  the  war,  and  brought  up  a  large  quantity  of  old  iron, 
shot,  shell,  pieces  of  cannon,  and  so  on,  making  something  like  five  or  six  hundred  tons.  She  came  back  with  all  that 
weight  of  iron  in  her,  and  she  got  heavily  strained  in  coming  north,  and  it  was  found  that  it  would  be  expensive  to 
unload  her  in  the  ordinary  way,  so  we  undertook  to  haul  her  up  on  our  marine  railway,  the  owners  taking  all  risk. 
When  we  hauled  her  out  we  pinched  her  pretty  lively,  and  she  twisted  and  strained,  and  opened  her  seams,  and  after 
we  had  got  her  one-third  out  of  the  water  she  came  to  a  weak  place  in  the  railway  and  settled  something  like  ten 
iuches,  and  stopped,  and  in  trying  to  pull  her  out  of  that  place  we  broke  our  chains  and  had  to  let  her  overboard. 
Our  next  attempt  was  to  take  her  up  light,  and  in  hauling  her  up  this  railway  I  think  the  bilge  went  down  5  inches. 

The  Chairman.  How  far  do  you  move  vessels  forward  on  your  railway  T 

Mr.  Cramp.  About  the  length  of  themselves,  just  enough  to  get  the  stern  out  of  the  water.   . 

Mr.  Ka880N.  In  what  you  stated  a  while  ago  as  to  ship-railways  that  yon  had  seen,  you  did  not  mean  railways 
for  the  Irausportatidn  of  ships  overland? 

Mr.  Cramp.  No,  sir;  only  for  hauling  ships  out  of  the  water.  I  wanted  to  explain  to  the  committee  that  all 
vesst'ls,  whether  hauled  up  by  railways  or  on  dry  docks,  are  only  supported  at  their  center,  and  that  the  rails  are  at 
or  near  the  middle,  so  that  there  is  no  weight  on  the  outsides.  We  have  here  and  there  a  wheel  on  the  outside  to 
support  the  bilge-blocks,  but  I  have  seen  them  go  up  and  down  an  inch  and  a  half,  and  in  putting  them  under  the  * 
vessel  we  put  them  up  an  inch  and  a  half  on  one  side  and  let  them  go  close  on  the  other.  This  shows  you  how 
impracticable  it  is  to  fit  the  cradle  to  the  shape  of  the  vessel  in  hauling  her  out.  In  the  marine  railway  bilge- 
bh)cks  are  used  rounded  in  form,  and  the  convex  surface  of  the  block  on  top  touches  the  convex  surface  of  the  vessel, 
touching  only  at  a  point  mathematically  speaking.  Therefore,  if  there  is  any  strain  at  all  on  that  point,  in  goes  the 
iron,  or  the  wood,  if  it  is  a  wooden  vessel,  and  if  there  is  an  unusual  strain  it  makes  a  break.  So,  in  hauling  up  on 
marine  railways  yon  always  leave  one  side  or  the  other  clear.  For  instance,  you  apply  the  blocks  up  tight  on  one 
side,  and  on  the  other  side  leave,  say,  an  inch  and  a  half,  because,  owing  to  the  inequalities  of  the  railway,  she  will  be 
sure  to  sway  from  side  to  side  that  much.  We  never  pull  the  bilge-blocks  up  on  both  sides.  I  say  that  to  show  you 
that  the  idea  is  un mechanical  and  against  the  experience  of  people  who  have  to  use  dry  docks,  whether  marine  rail- 
ways or  basin  docks.  Any  person  familiar  with  docking  vessels  on  marine  railways  and  basin  docks  will  tell  you  that. 
In  large  basin  docks  they  have  no  bilge-blocks  at  all,  on  account  of  the  danger,  but  we  use  them  in  our  dock  at  Phila- 
delphia. We  should  be  very  glad  to  have  you  visit  our  dock  or  railway  at  some  time  when  we  are  taking  a  vessel  out, 
and  yon  would  find  it  a  very  interesting  thing;  it  would  enable  you  to  understand  the  matter  better  in  half  an  hour 
than  you  could  from  days  and  months  of  talk. 

Mr.  Kasson.  Now,  having  made  these  explanations,  please  state  as  plainly  as  practicable  what  would  be  the 
effect  upon  a  ship  of  moving  her  over  100  miles  upon  a  railway ;  what  would  be  the  dangers  and  difficulties  to  be 
encountered  in  moving  the  vessel  such  a  distance  in  that  way,  supposing  her  to  have  been  got  on  the  railway  safely  at 
the  start  T 

Mr.  Cramp.  Well,  if  she  is  perfectly  safe  on  the  railway  the  time  she  starts  (and  the  great  expense  has  been 
already  incurred  of  getting  her  started),  there  is  still  danger  from  inequalities  in  the  railway.  If  there  is  the  slightest 
inequality  in  the  road,  that  portion  of  the  bed  or  cradle  supporting  the  vessel  at  that  point  will  receive  the  greatest 
pressure  and  will  indent  the  vessel  or  break  th^  frames  or  the  plating.  Wherever  there  is  an  inequality,  if  she 
encounters  a  high  place  the  strain  will  be  on  that  side  or  on  that  one  point,  even  with  an  empty  vessel,  and  of  course 
in  the  case  of  a  loaded  vessel  the  difficulty  and  danger  will  be  exaggerated  very  much.  A  vessel  of  5,000  tons  dis- 
placement has  sometimes  3,000  tons  of  cargo  in  her.  We  are  building  two  ships  now  for  the  Central  Pacific  Railway 
to  carry,  each,  3,000  tons  of  coal  from  Oregon  to  San  Francisco,  and  those  vessels  can  be  utilized  also  for  freight  or 
passengers.  They  will  have  a  capacity  of  3,000  tons  of  grain  or  coal,  and  that  is  more  than  half  the  weight  of  the 
empty  vessel.    So  that  you  more  than  double  the  risks  and  dangers  when  you  load  your  vessel,  and  the  slightest 
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inequality  will  exert  a  stiffer  strain  on  that  part  which  receives  most  pressure  due  to  a  high  or  a  low  place  in  the 
railway.  We  have  seen  that  on  our  own  marine  railway.  After  having  driven  the  piles  as  far  as  we  could  by  the 
usual  appliances,  we  found,  in  the  cR«e  of  that  heavy  vessel  loaded  with  iron  that  I  have  spoken  of,  that  the  railway 
sank  down  10  inches  at  one  place. 

Mr.  Phelps.  What  was  the  total  weight  in  that  casef 

Mr.  Cramp.  About  1,000  tons.  She  was  a  small  vessel,  and  small  vessels,  you  know,  stand  strains  better  than 
large  ones ;  the  larger  a  Tcssel  is  the  weaker  she  is. 

Mr.  Phblps.  And  the  greater  the  difficulty  in  getting  the  proper  center  for  her  support  ? 

Mr.  Cramp.  Yes,  sir;  in  getting  the  support  properly  distributed.  Then  vessels  differ  so  much  in  size,  that  if 
some  person  could  devise  or  invent  some  patent  by  which  you  could  adjust  a  cradle  to  one  vessel,  it  would  not  do  at 
all  for  another  vessel.  Vessels  differ  all  the  way  from  1,000  tons  up  to  10,000  tons  displacement,  and  from  25  feet  beam 
to  40,  45,  50,  52  feet. 

Mr.  Kasson.  And  the  models  differ  also  T     • 

Mr.  Cramp.  Yes ;  the  models  vary  very  much. 


additional  remarks  of  MR.  S.  L.  PHELPS. 

Mr.  S.  L.  Phelps  next  addressed  the  committee  as  follows: 

Mr.  Chairman  and  gentlemen:  Captain  Eads  has  been  misinformed  as  to  what  was  said  here  the  other  day  about 
his  surveys.  I  did  not  criticise  his  surveys.  I  simply  criticised  the  statement  of  Mr.  Fuertes,  and  said  that  he  had 
made  a  statement  which  was  substantially  denied  by  Garay,  Captain  Eads's  surveyor.  I  cited  the  report  of  the 
engineers  of  the  Tehuantepec  Railroad,  showing  that  they  themselves  had  adopted  a  grade  of  116  feet  for  the  present 
line  of  road,  intending,  should  their  business  become  extensive  enough  to  justify  it,  to  change  their  route,  increasing 
the  distance  several  miles,  in  order  to  get  as  low  a  grade  as  58  feet,  though  by  a  A'cry  tortuous  line.  Another  map  in 
the  same  report  showed  all  the  known  lines  of  survey  on  the  Isthmus,  one  of  which  is  the  one  they  adopted  having  a 
grade  of  116  feet,  and  another  this  line  having  a  grade  of  58  feet.  That  was  the  Barnard  survey.  There  were  other 
surveys  involving  a  distance  greater  by  seventeen  miles,  one  of  which  had  a  grade  of  from  25  to  50  feet  per  mile,  and 
the  other  from  25  to  43  feet  per  mile,  but  both  lines  are  extremely  tortuous  and  totally  unfit  for  a  line  of  sbip-railway. 
That  is  the  point  and  the  only  point  I  made  on  that  subject. 

Mr.  Eads.  That  is  what  I  alluded  to. 

Mr.  Phelps.  I  said  further  that  if  Mr.  Fuertes  did  know  where  grades  could  be  got  of  from  25  to  35  feet,  they 
were  in  places  where  a  ship-railway  could  not  be  constructed  or  a  ship  carried,  on  account  of  the  tortuous  character 
of  the  line.  Now  Garay  states  that  he  had  selected  a  line  which  he  believed  would  be  the  one  finally  adopts,  at  least 
the  best  one  of  which  he  had  knowledge,  he  says — the  line  as  traced  and  located  by  our  commission. 

I  asked  Mr.  McAlpine  how  it  was  that  the  cut  was  only  312  feet  instead  of  800  feet,  as  he  had  stated,  and  he  said 
that  he  stood  on  the  mountain  side  and  that  Mr.  Garay  pointed  out  a  line  which  he  intended  to  take,  and  that  it  went 
right  through  a  point  which  Mr.  McAlpine  then  sketched  (and  he  showed  me  the  sketch  in  his  note-book),  involving 
a  cut  of  about  800  feet.    That  is  how  he  came  to  make  that  statement. 

As  to  these  air-bags  of  which  Captain  Eads  speaks,  and  which  were  used  to  lift  ships  in  the  Black  Sea,  they  hold 
a  ship  very  much  as  water  would  hold  her,  all  the  parts  bearing  on  the  bottom  of  the  ship  with  equal  pressure,  aud 
there  would  be  no  such  thing  as  driving  a  hole  in  her  when  supported  in  that  way ;  but  that  is  an  entirely  different 
thing  from  sustaining  the  ship  upon  small  supports.  The  engineer  who  did  that  work  in  the  Black  Sea  was  an 
American.  I  don't  remember  his  name  at  this  moment,  but  he  proposed  to  adopt  that  plan  to  take  vessels  over  the 
bar  of  the  Mississippi,  when  they  were  of  heavier  draught  than  could  pass  without  such  aid,  and  he  said  that  he  was 
opposed  by  Captain  Eads,  who  contended  that  ships  could  not  be  lifted  out  of  the  water  with  safety,  although  these 
air-bags  are  the  very  means  it  was  proposed  to  adopt  there  for  that  purpose. 

Admiral  Ammen.  That  engineer's  name  was  Gowan  f 

Mr.  Phelps.  Yes. 

Mr.  Eads.  Do  you  say  that  he  said  I  said  it  could  not  be  done  f 

Mr.  Phelps.  Yes ;  that  you  said  the  ship  would  be  strained  by  lifting  her  in  that  way. 

Mr.  Eads.  His  memory  is  as  bad  as  McAlpine's. 

Mr.  Phelps.  In  reply  to  Mr.  Reed's  statement  in  regard  to  the  facility  with  which  these  particular  docks  can  be 
used,  I  am  not  aware  that  anybody  has  questioned  the  fact  that  ships  may  be  lifted  out  of  the  water,  and  I  certainly 
would  not  pretend  to  dispute  it,  because  it  is  done ;  but  I  see  yo  case  cited  by  Captain  Eads,  in  the  testimony  which 
be  gave  before  the  Senate  committee,  in  which  the  ship  was  fully  freighted  ;  from  the  amount  of  cargo  given  in  each 
case,  it  is  very  clear  that  neither  of  those  ships  was  fully  freighted  ;  that  is,  if  he  gave  the  tonnage  correctly,  but  it 
sometimes  suits  Mr.  Reed's  purposes  to  have  ships  extremely  weak,  and  at  other  times  it  suits  him  to  have  them 
strong.  I  have  here  the  minutes  of  a  Parliamentary  investigation  in  regard  to  designs  for  ships  of  war,  from  which  I 
wish  to  cite  some  testimony  given  by  Mr.  Reed.  This  investigation  originated  very  largely  from  the  building  of  vessels 
of  the  Audacious  class,  of  which  I  spoke  the  other  day,  and  evidence  was  adduced  before  that  committee  that  the 
Audacious  herself  had  broken  up  on  touching  bottom  in  the  river  Clyde  on  perfectly  smooth  water,  when  the  water 
had  left  her  about  10  inches.  Mr.  Reed  being  a  witness  before  the  committee  was  asked  this  question :  '*  I  believe  the 
evidence  was  to  the  effect  that  the  Audacious  had  suffered  from  taking  the  ground  on  a  perfectly  fair  bottom  f — 
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Mr.  Eads.  I  wanted  to  find  out  if  you  could  tell  mo  how  it  was  that  Admiral  Popoff  was  not  the  designer  of  the 
Lavidia  f  » 

Mr.  PuELPS.  He  was  not. 
Mr.  Eads.  That  information  is  somethings  new ;  the  Lavidia  is  always  spoken  of  as  on  the  plan  of  the  Popoff 

iron-clad. 

Mr.  Phelps.  She  was  huilt  on  that  plan,  except  that  she  had  a  how  such  as  Sir  Edward  Reed  speaks  of.  She  had 
ahout  40  feet  each  of  how  and  stem. 

Mr.  Eads.  I  was  in  hopes  that  you  were  going  to  read  something  that  would  show  that  the  plan  of  the  Lavidia 
was  Sir  Edward  Reed^s. 

Mr.  Phelps.  No;  hut  I  say  he  is  responsihle  for  her.    He  was  the  adviser  of  the  Russians  in  the  construction  of 
those  circular  ships,  and  he  had  made  a  study  of  that  form  of  vessels,  and  the  views  that  he  expressed  covered  the  exact 
idea  of  the  Lavidia,  and  when  the  Lavidia  had  put  into  Ferrol  in  distress  he  tried  to  maintain  that  she  had  proved  a 
success  after  all;  hut  the  ship  has  heen  hroken  up,  having  proved  an  enormously  expensive  failure. 
Mr.  Eads.  Where  was  she  hroken  up  ? 

Mr.  Phelps.  In  the  Black  Sea ;  she  put  into  Ferrol  in  distress,  and  hy  watching  for  an  opportunity  was  got 
around  into  the  Black  Sea  and  was  hroken  up,  and  they  have  used  her  iron  in  the  construction  of  other  vessels  or  as 
old  iron. 

Mr.  Eads.  I  know  all  ahout  the  storm  that  she  encountered  in  the  Bay  of  Biscay  which  disabled  her. 
Mr.  Kassox.  You  have  only  a  few  minutes  of  your  time  left,  Captain  Phelps. 

Mr.  Phelps.  I  don't  know  that  I  care  to  take  up  any  more  of  the  time  of  the  committee,  inasmuch  as  I  have 
answered  all  the  points  that  Captain  Eads  has  made  here. 

Mr.  Blount.  I  should  like  to  have  your  opinion  as  to  Captain  Eads's  plan  of  putting  a  ship  on  his  railway,  as 
explained  hy  him  and  illustrated  hy  this  cut  in  the  Scientific  American. 

Mr.  Phelps.  [Examining  the  cut.]  The  first  objection  that  occurs  to  me  to  this  plan  is  that  the  plan  cannot  be 
carried  out.  Captain  Eads  tells  you  that  he  is  going  to  carry  a  ship  on  twelve  rails,  with  5  tons  pressure  to  each  wheel, 
and  the  wheels  3  feet  apart.  Now  what  is  the  weight  of  a  three-feet  section  of  a  ship  f  If  she  is  a  4,000-ton  ship,  it 
is  about  BO  tons.  Therefore  Captain  Eads  has  got  to  carry  BO  tons  on  three  wheels,  and  that  is  clearly  more  than  the 
5  tons  to  a  wheel  upon  which  he  calculates.  And  he  has  to  carry  the  car  besides.  When  he  has  got  that  weight, 
whatever  it  is,  upon  each  wheel  he  has  to  be  prepared  to  have  the  entire  weight  fall,  not  upon  all  the  wheels  under 
that  ship  equally,  but  on  one-tenth,  or  one-twelfth,  or  one-fifteeenth  of  them,  and  if  the  weight  to  start  with  is  10 
tons  on  each  wheel,  he  must  be  .prepared  to  have  a  weight  of  100  tons  or  perhaps  150  tons  upon  some' of  his  wheels  ac- 
cording to  the  changes  of  pressure  which  will  result  from  the  inequalities  of  his  road-bed.  In  a  time  of  great  storms 
such  as  they  have  down  there,  his  road  may  go  down  a  foot  in  some  one  place,  just  as  Mr.  Cramp's  marine  railway 
went  down  when  he  undertook  to  haul  up  that  three-masted  schooner,  the  whole  weight  of  which  was  only  1,000 
tons.  He  told  you  the  other  day  that  although  that  was  the  entire  weight,  yet  as  a  result  of  the  concentration  of  the 
weight  at  one  point  his  railway  went  down  10  inches. 

Mr.  Blount.  You  speak  of  the  weight  where  there  is  more  pressure  than  there  ought  to  be ;  in  such  a  case  where  is 
the  damage  done,  to  the  road  or  to  the  vessel,  or  to  both  f 

Mr.  Phelps.  It  is  done  to  both,  and  I  will  show  you  how.  There  is  what  is  called  the  upward  thrust  as  well  as 
the  weight  pressure.  You  have  the  resistance  from  a  weight  acting  upwardly.  In  this  connection  I  will  lesid  a  pas- 
sage from  Mr.  White's  Manual  of  Naval  Architecture.  He  says:  ^'Surplus  buoyancy  in  a  ship  afloat  is  not  usually 
found  so  much  coucentrated  as  surplus  weight,  but  in  qome  instances  the  excess  of  buoyancy  produces  a  considerable 
local  strain,  tending  to  force  the  bottom  upward.  When  a  ship  grounds,  her  supports  are  often  so  few  and  small  that 
the  bottom  cannot  withstand  the  concentrated  upward  pressure,  which  then  produces  considerable  local  damage." 

There  you  have  another  result  which  would  happen  from  inequalities  in  the  road-bed. 

Mr.  Lord.  Do  you  mean  to  illustrate  the  idea  that  while  the  ship  is  standing  at  rest  the  load  would  press  equally 
upon  all  the  wheels,  but  as  soon  as  she  moves  off'  and  comes  to  an  inequality  in  the  road-bed  and  is  swayed  one  way 
or  the  other,  then  a  large  portion  of  the  weight  will  be  tak^n  from  one  part  of  the  supports  and  thrown  upon  another 
part  f 

Mr.  Phelps.  Precisely. 

Mr.  Lord.  And,  as  I  understand  it,  you  argue  that  that  pressure  would  vary  at  every  second  of  time  as  the  ship 
progressed  ? 

Mr.  Phelps.  Yes,  sir.    On  that  point  I  will  refer  you  to  the  opinion  of  Mr.  P.  F.  Rowland. 

Mr.  Lord.  Did  not  Mr.  Eads  tell  us  that  by  his  combinations  of  springs  he  expected  to  avoid  that  difficulty,  and 
to  keep  the  pressure  equal  un  der  all  circumstances  f 

Mr.  Phelps.  How  can  a  spring  at  one  moment  not  support  a  ship  and  at  the  next  moment  support  itf 

Mr.  Eads.  How  can  you  carry  the  weight  of  a  two-story  brick  house  150  feet  long,  on  three  point-s?  Of  all  the 
absurd  statements  that  are  made,  this  of  adding  four  other  wheels  and  their  taking  none  of  the  load,  is  the  most  absurd . 
I  have  stated  in  this  pamphlet  that  a  brick  house  can  be  moved  several  hundred  feet  without  breaking  the  bricks. 

Mr.  Phelps.  You  know  that  twelve  wheels  are  put  under  a  railroad  car  for  the  purpose  of  easing  the  vibrations ; 
four  of  the  wheels  on  each  side  caiTying  the  load,  and  two  passing  over  the  inequalities. 

Mr.  Eads.  Excuse  me,  they  are  put  there  for  another  purpose. 

Mr.  Phelps.  I  ask  attention  to  the  letter  of  Mr.  T.  F.  Rowland,  of  the  Continental  Iron  Works,  shipbuilders. 
You  have  in  this  pamphlet,  Avhich  I  have  laid  before  yon,  the  opinions  of  every  builder  of  iron  ships  in  the  country 
except  Mr.  Cramp,  and  he  gave  you  his  testimony  here  the  other  day,  and  all  these  shipbuilders  are  opposed  to  the 
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idea  of  transporting  ships  by  rail.  There  is  not  a  solitary  shipbailder  in  this  country  who  has  approved  it.  Mr< 
Hartt  is  no  shipbuilder;  he  never  built  a  ship  in  his  life;  and  as  for  Mr.  Femald,  he  is  simply  a  very  clever  draughts- 
man  whose  appointment  was  made  under  curious  circumstances. 

Mr.  Eads.  He  was  the  builder  of  the  Arizona  and  the  Alaska. 

Mr.  PuELPS.  He  was  not  their  builder.  There  is  something  I  could  say  about  Mr.  Femald's  appointment  which 
would  not  do  credit  to  him  or  anybody  else.  There  is  a  letter  here  from  Mr.  Savary,  a  civil  engineer,  a  man  of  very 
laree  exi^erienoe.  He  had  charge  of  the  inclines  of  the  Morris  Canal  and  of  various  other  works.  He  gives  a  great 
deal  of  information  in  regard  to  docking  vessels,  and  he  pronounces  Captain  Eads's  project  utterly  impracticable.  Mr. 
8avary  Mr.  Couuoss  says,  is  of  all  engineers  of  his  acquaintance  the  man  in  whom  he  has  most^ confidence.  I  do  not 
know  him   and  I  do  not  know  Mr.  Conness,  except  that  he  was  once  a  Senator  of  the  United  States. 

Commander  Gorringe,  in  the  transportation  of  Cleopatra's  Needle,  found  out  what  is  meant  by  bodies  moving 
over  iilalns  rcHting  on  four  points.  He  had  the  greatest  possible  difficulty  to  keep  his  support  under  the  thing  as  it 
moved  along,  and,  although  it  weighed  only  329  tons,  it  broke  pipes  six  and  eight  feet  under  the  streets  over  which 

It  pamtMl. 

Mr.  nt<(>(^NT.  Of  what  material  were  those  pipes  made  f 

Mr.  rtiKi.rs.  Some  were  earth  pipes  and  some  were  iron,  depending  on  the  purposes  for  which  they  were  used. 

Mr.  Ulount.  Those  that  were  broken  were  of  what  material  T 

Mr.  I'liKLrs.  I  don't  know  which  kind  of  pipes  were  broken — some  of  the  street  pipes. 

Mr.  Kauhon.  How  deep  under  ground  were  they  f 

Mr.  I'liKLPfl.  Six  or  eight  feet.  I  told  you  also  the  other  day  of  the  experience  at  the  Georgetown  incline.  They 
liuvn  foil  lid  out  there  what  it  means  to  carry  a  weight  of  400  tons  on  wheels,  and  they  abandoned  the  use  of  water  to 
lloiii  IIhi  boats  because  their200  horse-power  engine  could  not  manage  the  weight.  Notwithstanding  the  fact  that  they 
IiimI  iMMintorbalancing  cars  of  equal  weight  to  go  down  when  the  ponton  carrying  the  boat  went  up,  or  vice  versa, 
I  liny  w«r«  stalled  repeatedly  with  their  200  horse-power  turbine  wheel,  because  they  could  not  overcome  the  friction — 
for  that  was  all  they  had  to  do.  They  have  been  compelled  to  reconstruct  heir  tracks.  They  had  relaid  them  once 
whim  I  was  there,  and  they  were  still  laying  them  over  again  in  portions,  because  they  had  not  got  them  true  enough, 
and  their  flat  canal-boats  were  being  strained  because  of  the  little  inequalities  that  still  existed.  And  it  sliould  be 
nmu^mbered  that  that  ponton  moved  only  at  an  extremely  slow  rate  as  compared  with  a  rate  of  five  or  six  miles  an 
hour. 

Mr.  Eads  and  his  counsel  having  expressed  a  desire  to  reply  to  the  argument  of  Mr.  Phelps  delivered  at  the  last 
ineotiug,  the  committee,  on  motion  of  Mr.  Kasson,  agreed  that  Mr.  Eads  should  be  allowed  one  week  to  file  his  reply 
ill  writing ;  that  if  Mr.  Phelps  should  then  desire  to  make  any  further  reply  to  Mr.  Eads,  he  should  be  allowed  three 
days  within  which  to  file  it,  and  that  then  the  hearing  on  the  subject  should  be  closed. 

Adjourned. 


LETTBR  FROM  MR.  JAMES  B.   EADS. 

Washington,  April  14,  1882. 

Sir  :  I  beg  leave  to  submit  the  following  reply  to  the  pamphlets  and  statements  submitted  to  the  committee  by 
Captain  Phelps. 

Captain  Phelps  asserts  that  the  ^'proposition  to  transport  ships  by  rail  belongs  to  three  distinct  professional  pur- 
suits. It  embraces  the  knowledge  of  the  seaman,  engineer,  and  shipbuilder,  and  in  importance  in  the  order  named.'' 
The  statement  that  a  seaman,  as  such,  is  authority  upon  the  question  involving  the  scientific  principles  relating  to  the 
practicability  of  constructing  and  operating  a  ship-railway  is  simply  absurd.  The  captain  of  a  vessel,  however  well 
versed  in  his  calling,  is  likely  to  know  no  more  of  the  strains  which  his  vessel  is  capable  of  undergoing  when  upon  a  dry- 
dock,  or  when  being  transported  upon  a  well -constructed  railway,  than  the  conductor  upon  a  train  is  likely  to  know 
of  the  scientific  principles  upon  which  the  engine  is  constructed  which  hauls  his  train,  or  the  bridges  over  which  it 
passes.  A  seaman  may  learn,  by  experience,  to  know  the  conditions  upon  which  his  vessel  is  safe  or  in  peril  at  sea 
and  may  be  fully  competent  to  secure  that  safety  and  avoid  that  peril,  and  yet  he  may  be,  and  generally  is,  as  ignorant 
of  the  scientific  principles  upon  which  the  ship  is  constructed  as  is  the  boy  in  his  cabin. 

On  the  second  page  of  his  pamphlet  he  says :  ''  It  is  singular  to  find  the  readiness  of  men  very  able  in  their  pro- 
fessions to  express  opinions  and  positive  views  of  things  foreign  to  their  experience."  Truly,  out  of  his  own  mouth 
does  he  condemn  himself.  It  is  not  pretended  t>y  Captain  Phelps  that  he  has  ever  had  experience  in  building  or  dock- 
ing ships,  in  constructing  or  operating  railways,  in  digging  or  operating  canals;  neither  does  he  pretend  to  have  ever 
studied  or  practiced  engineering  in  any  of  its  branches ;  and  yet  we  find  him  expressing  opinions  in  the  most  positive 
and  dogmatical  way  upon  subjects  which  demand  the  most  thorough  knowledge  of  all  these  matters. 

On  the  first  page  of  his  pamphlet  Captain  Phelps  says  that  seamen  *'  learn  of  the  perils  and  dangers  lurking  in  the 
dock  and  ways,  for  all  seamen  of  experience  have  known  of  disasters  in  some  form  upon  cradles." 

It  is  not  true  that  seamen  have  any  such  fear,  but  it  is  true  that  hundreds  of  vessels  are  docked  every  week  with- 
out the  slightest  injury  to  them  and  without  any  fear  that  they  will  be  injured. 

Mr.  WiUiam  John,  the  distinguished  builder  of  the  City  of  Rome,  says : 

'*  The  practice  of  lifting  a  ship  of  large  size  clean  out  of  the  water  has  beoome  an  e very-day  ooourrenoe." 


INTBEOCEANIC  COMMUNICATION  BY  WAY  OF  AMEEICAN  ISTHMUS.     193 

Mr.  Willam  F.  Buckley,  president  of  the  New  York  Balanced  Dock  Company,  says : 

**  We  do  not  refuse  any  class  of  ships  or  steamers,  even  with  their  coals  and  cargoes  on  board,  whose  length  does  not 
exceed  the  length  of  the  dock.  In  every  case  in  which  we  have  taken  up  steamers  with  cargo  in,  it  has  been  done 
without  the  least  strain  or  injury  to  the  vessel.  As  the  rule  is  to  make  a  charge  for  raising  cargo  in  the  vessel,  they 
usually  come  without  cargo/' 

The  highly  responsible  firm  of  Emmerson,  Murgatroyd  &  Co.  have  addressed  me  the  following  proposition,  in  which 
it  will  be  seen  that  they  offer  to  take  all  the  risk  of  lifting  loaded  vessels  on  to  the  railway : 

''James  B.  Eads,  Esq.,  C.  E.: 

"My  Dear  Sir  :  When  you  are  ready  to  commence  the  construction  of  your  ship-railway,  we  shall  be  pleased  to 
undertake  the  building  and  completion  of  the  necessary  works  for  placing  the  ship  with  her  cargo  on  the  railway  track, 
ready  for  attaching  the  locomotives  to  her,  and  after  transport  across  the  Isthmus  to  lower  her  safely  again  until  she  is 
afloat.  A  lifting  apparatus  will  be  required  at  each  side  of  the  Isthmus  which  will  lift  or  lower  ships  as  required.  This 
portion  of  the  work  we  are  fully  prepared  to  execute  with  the  greatest  promptness,  on  the  same  terms  on  which  we 
built  the  hydraulic  docks  at  Bombay  and  Malta,  and  the  Anderton  Canal  lift  in  Cheshire. 

''  We  have  no  hesitation  in  guaranteeing  the  lifting  of  a  fully-loaded  ship  or  steamer  of  8,000  or  10,000  tons  weight 
on  a  railway  car  from  the  sea  or  harbor  level  to  that  of  your  permanent  way  in  thirty  minutes,  with  absolute  safety 
to  the  ship  and  the  works,  where  the  life  is  not  over  fifty  feet  vertically.  We  will  undertake  to  construct  all  the  plant 
and  works  necessary  to  do  this  at  each  end  of  your  Hue,  and  complete  everything  ready  for  attaching  the  locomotive 
to  the  car  on  which  the  ship  is  to  be  lifted  and  transported ;  this  car,  or  any  number  of  them,  we  will  furnish  also. 

"The  locomotives  or  railway  construction  are  not  in  our  line;  but  if  it  were  a  matter  of  importance  to  cover,  in 
addition,  the  construction  of  the  locomotives,  turn-tables,  &o,,  and  ten  miles  of  railway,  as  proposed  by  you  to  the 
United  States,  we  have  no  doubt  we  could  unite  with  us  some  other  responsible  parties  engaged  in  that  kind  of  works 
to  execute  them  and  guarantee  the  safe  transportation  of  the  loaded  ships  of  the  weight  mentioned  over  the  rail  way.'' 

Captain  Phelps  is  "at  swords'  points"  with  every  one  who  has  the  temerity  to  differ  with  him.  He  undertakes  to 
show  a  c^tradiction  between  Professor  Fuertes  and  Sefior  Garay,  as  to  the  grades  at  Tehuantepec.  In  this  he  is,  as 
usual,  unsuccessful.  Seflor  Garay  surveyed  one  line,  and  found  on  one  portion  of  it,  and  for  a  very  short  distance,  two 
per  cent,  grades.  In  his  report  he  says :  ^*  The  line  traced  and  located  by  our  commission  for  the  present  is  only  a  study 
that  may  be  improved  and  perhaps  even  abandoned  for  a  better  line  if,  in  subsequent  surveys,  more  favorable  ground 
is  found."  Professor  Fuertes,  in  the  survey  he  made,  found  more  favorable  ground,  and  so  certifies.  The  charge  by 
Captain  Phelps,  that  the  statement  made  by  Professor  Fuertes  was  incorrect,  is  not  justified  by  the  facts. 

Captain  Phelps  prints  in  an  appendix  to  his  pamphlet  a  number  of  letters  which,  in  his  opinion,  settle  the  ques- 
tion of  the  impracticability  of  the  ship-railway ;  among  them  is  a  letter  of  William  J.  McAlpine.  Years  ago,  when  I 
had  commenced  the  construction  of  the  Saint  Louis  Bridge,  Mr.  McAlpine  attacked  the  project  and  declared  my  plans 
impracticable.  Notwithstanding  his  efforts  to  weaken  the  public  confidence  in  them,  the  bridge  was  built  in  accord- 
ance with  those  plans,  and  it  now  stands  a  mute  witness  of  the  incompetency  of  Mr.  McAlpine  as  an  engineer.  He 
now  declares  that  he  examined  the  line  selected  by  my  engineers  for  the  ship-railway.    This  is  absolutely  untrue. 

Captain  Phelps  prints  an  extract  from  a  letter  of  the  Atlantic  Works  of  Boston,  as  follows :  '*  Our  positive  ignor- 
ance of  this  matter  throughout  forbids  our  expressing  any  opinion  at  length."  Later  on,  however,  it  appears  (as  per 
another  extract)  that  Admiral  Ammen  succeeded  in  persuading  a  man  who  signs  himself  "Alfred  E.  Cox,  jr.,"  to  attach 
the  name  of  the  "  Atlantic  Works  "  to  a  certificate  which  the  previously  expressed  ignorance  would  have  hardly  j  dstified. 

A  letter  is  printed  from  C.  H.  Delamater  &  Co.,  of  the  Delamater  Iron  Works,  the  value  of  which  is  indicated  by 
two  sentences  which  it  contains,  and  which  are  as  follows : 

"We  feel  the  subject  is  one  that  requires  more  careful  investigation  than  we  have  been  able  to  give  the  subject. 
«  #  *  y^Q  have  looked  upon  the  difficulty  of  building  either  canal  or  railroad  as  so  serious  as  almost  to  preclude 
the  carrying  out  of  either  scheme." 

Many  of  the  quotations  made  by  Captain  Phelps,  both  in  tiie  body  of  hir  pamphlet  and  in  the  appendix,  are,  as 
will  appear  upon  their  face,  of  absolutely  no  value.  John  Roach  and  Cramp  &  Sons  are  about  the  only  shipbuilders 
whose  opinions  would  be  likely  to  attract  any  attention.  Their  opinions  have  doubtless  been  given  without  even  a 
partial  understanding  of  the  means  proposed  to  raise  the  vessel,  of  the  manner  of  constructing  the  track  and  dis- 
tributing the  weight  of  the  vessel  and  car,  and  of  the  many  other  matters  necessary  to  be  known  before  an  opinion 
could  be  fairly  given.  In  the  matter  of  these  opposing  opinions,  however,  the  climax  of  absurdity  is  reached  when 
it  is  sought  to  overwhelm  the  ship-railway  and  settle  grave  questions  of  engineering  by  the  opinions  of  underwriters. 
The  following  statement  is  found  on  page  4  of  Captain  Phelps's  pamphlet : 

^^  Captain  Eads  points  especially  to  the  letters  of  three  engineers;  Garay,  Fuertes,  and  Williams,  and  his^hole 
pamphlet  in  some  sense  revolves  about  Mr.  Reed,  ex-English  naval  constructor,  as  the  central  figure.  If  the  evidence 
of  these  men  breaks  down,  the  whole  fabric  tumbles." 

This  statement  is  on  a  par  with  the  many  other  absurd  statements  made  by  Captain  Phelps.  While  the  value  of 
the  testimony  of  Sir  Edward  Reed,  Professor  Fuertes,  and  Sefior  Garay  is  very  great,  all  that  they  have  said  might  be 
entirely  disregarded  and  the  practicability  of  the  ship-railway  still  be  most  conclusively  demonstrated  by  the  testi- 
mony of  other  witnesses.  The  evidence  upon  this  subject  is,  in  the  language  of  the  committee  of  the  Senate,  ''so 
overwhelming  and  conclusive/'  and  the  witnesses  are  men  of  such  great  reputation,  character,  and  experience,  that 
Captain  Phelps  is  forced  to  adopt  the  pitiable  expedient  of  seeking  to  mislead  the  committee  into  the  belief  that  no 
other  testimony  or  witnesses  exist. 
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I  call  the  especial  attention  of  the  committee  to  the  testimony  printed  in  the  appendix  hereto.  If  this  does  not 
establish  the  practicability  of  constructing  and  operating  a  railway  for  the  transportation  of  ships,  human  testimony 
wnald  seem  to  bo  powerless  to  establish  anything.  Among  the  witnesses  whose  names  appear  in  addition  to  Sir  £.  J. 
Reed. are  Nathaniel  Barn aby,  present  chief  constructor  of  the  British  navy;  William  John,  who  built  the  City  of 
Rome  and  who  was  for  many  years  the  scientific  adviser  of  the  committee  of  Lloyd's  Register  of  British  shipping, 
London ;  John  Fowler,  who  was  consulting  engineer  of  the  Egyptian  Government,  and  who  is  a  past  president  of  the 
Institute  of  Engineers  in  England ;  George  Fosbnry  Lyster,  who  has  been  engineer-in-chief  of  the  Liveri>ool  docks  for 
twentv  years;  E.  Leader  Williams,  an  English  civil  engineer  of  high  reputation;  Clark  <&  Staufield,  designers  of 
hvdrauiic  lift  docks;  William  Pearce,  proprietor  of  one  of  the  largest  shipbuilding  establishments  in  Scotland,  and 
who  built  the  Arizona,  Elbe,  Alaska,  and  many  other  large  and  fine  steamers;  Liouel  B.  Wells,  engineer  in  charge  of 
the  Anderton  Lift  in  England ;  Sidengham  Dner^  an  able  English  engineer  of  great  experience  in  the  docking  and 
handling  of  ships;  B.  Baker,  who  is  recognized  as  one  of  the  ablest  engineers  in  London  ;  Francis  Elgar,  a  naval 
architect  of  great  experience  and  ability ;  Commodore  Wilson,  chief  constructor  of  the  United  States  Navy ;  Commo- 
dore F.  W.  Ettsby,  the  last  chief  constructor  of  the  United  States  Navy ;  Capt.  Edward  Hartt  and  Mr.  H.  L.  Femald, 
United  States  naval  constructors;  General Q.  A.  Gillmore  and  Maj.  Charles  R.  Suter,  of  the  United  States  Engineers; 
General  G.  T.  Beauregard,  formerly  of  the  United  States  Engineer  Corps;  and  William  Sooy  Smith,  Henry  Flad,  C. 
Shaler  Smith,  B.  M.  Harrod,  T.  C.  Clarke,  J.  J.  Williams,  E.  L.  Corthell,  A.  Dempster,  and  Max  E.  Schmidt,  all  engi- 
neers of  unqueBtioned  reputation  and  ability. 

In  connection  with  the  question  of  practicability  the  committee  should  not  lose  sight  of  the  fact  that  I  propose 
to  deniotiHtrate  the  entire  practicability  of  the  ship-railway  before  the  Government  of  the  United  States  becomes  in 
any  way  liable  upon  its  guarantee.  In  this  connection  also  I  desire  to  again  express  to  the  committee  my  solemn  con- 
virtion  that  the  question  of  the  practicability  of  constructing  a  harbor  at  Greytown  is  one  of  great  gravity.  I  have 
devoted  much  time  to,  and  have  had  no  inconsiderable  experience  in,  hydraulic  engineering,  and  I  have  moreover 
exattiined  with  some  care  the  problems  presented  at  Greytown.  I  have  no  hesitation  in  placing  my  opinion  distinctly 
oil  tlie  record  that  all  the  questions  involved  in  the  construction  of  the  ship-railway  and  the  transportation  of  vessels 
ovnr  it,  taken  together,  do  not  begin  to  x>resent  as  grave  uncertainties  as  those  involved  in  the  improvement  of  this 
harb(M*.  It  is  scarcely  correct  to  speak  of  the  harbor  at  Greytown,  for  there  is  no  longer  a  harbor  there.  The  San 
•I nan  River  having  deserted  its  old  channel,  the  only  means  by  which  a  depth  of  water  was  maintained  ceased  to 
iixUt,  and  the  harbor,  where  once  the  vessels  of  the  Government  floated,  has  become  obliterated  and  closed  np  by  a 
miMM  of  drifting  sands.  I  do  not  say  that  a  harbor  cannot  be  constructed  at  Greytown,  for,  with  sufhcieut  money  and 
ttrne,  the  engineers  of  the  present  day  can  accomplish  almost  any  work,  but  if  many  years  of  time  and  many  millions 
of  money  are  to  be  regarded  as  factors  in  the  problem,  then  it  may  be  truly  said  that  the  improvement  of  this  harbor 
)n  impracticable.  If  the  plan,  as  laid  down  on  the  large  map  in  the  committee  room  be  the  one  proposed  to  recon- 
struct the  harbor,  then  I  am  willing  to  ignore  the  questions  of  time  and  money,  and  positively  declare  that  such  works 
AM  are  shown  on  the  plan  will  never  produce  the  desired  results.  The  advocates  of  the  Nicaragua  Canal  scheme  have 
Ntiidiously  avoided  submitting  to  the  committee  any  definite  plan  for  harbor  improvement,  but  have  contented  them- 
MelvcH  with  the  oft-repeated  general  assertions  of  Captains  Phelps  and  Merry,  that  the  work  could  and  would  be  done. 
Khali  the  opinions  of  such  men  as  these  have  any  weight  with  the  committee  upon  the  practicability  of  this  harbor 
when  no  experienced  hydraulic  engineer  has  been  willing  to  certify  to  it  ?  Captain  Phelps  talks  of  digging  a  canal 
of  sufhcient  capacity  to  accommodate  the  commerce  of  all  the  future,  and  Captain  Merry  draws  the  picture  of  10,000 
and  15,000  ton  vessels  sailing  through  the  canal.  Without  stopping  to  notice  the  absurdity  of  these  statements  we 
may  still  ask  the  question,  of  what  value  would  such  a  canal  be  without  harbors?  The  violent  attacks  made  npon 
the  practicability  of  the  ship-railway  may  have  been  inspired  by  the  hope  that  in  this  way  the  attention  of  the  com- 
mittee would  be  diverted  from  the  serious  questions  involved  in  the  improvement  of  Greytown  Harbor. 

On  page  14  of  his  pamphlet.  Captain  Phelps  says : 

**  The  estimated  cost  of  the  Nicaragua  Canal,  based  upon  actual  instrumental  measurements,  including  lake,  river, 
and  harbor  work,  is  $41,000,000." 

And  yet  he  and  his  associates  ask  the  United  States  Govei^nment  to  give  them  a  guarantee  upon  $100,000,000. 
This  admission  and  demand  place  these  gentlemen  in  anything  but  an  enviable  position.  They  either  know  that  the 
statement  as  to  the  total  cost  of  the  work  is  grossly  erroneous,  or  else  they  are  seeking  to  secure  a  government  guar- 
antee far  in  excels  of  what  honest  men  should  demand. 

Again,  Captain  Phelps  seems  greatly  alarmed  at  the  damage  which  may  be  done  by  earthquakes  to  ships  npon 
the  railway.  On  page  15  of  his  pamphlet,  he  says:  '^  While  they  would  probably  not  injure  the  road-bed  they  would 
destroy  any  shipping  on  the  road  mounted  upon  cars."  How  it  would  be  possible  for  an  earthquake  to  injure  a  ship 
upon  the  railway  and  yet  not  injure  the  road-bed  presents  a  very  Interesting  problem,  soluble  only  by  those  ** accus- 
tomed to  the  perils  of  the  sea.''  Captain  Phelps  does  not  stop  to  consider  the  effect  which  an  earthquake  would  have 
upon  the  canal  at  Nicaragua,  a  locality  where  earthquakes  are  much  more  likely  to  occur  than  at  Tehuautepec. 

Captain  Phelps^s  statement  of  the  rate  of  speed  at  which  vessels  will  be  able  to  move  through  the  canal,  and  the 
time  of  detention  at  locks,  is  about  as  ridiculous  as  his  earthquake  statement.  The  idea  of  propelling  great  ocean 
steamers  through  a  canal  at  the  rate  of  10  miles  an  hour  is  an  idea  bom  only  of  a  disordered  brain,  and  indicates  but 
too  surely  the  total  unreliability  of  the  man  who  conceives  it.  The  average  rate  of  speed  of  deep-draught  vesst- Is 
passing  through  the  Suez  Canal  does  not  exceed  two  miles  per  hour,  and  it  may  be  safely  concluded  that  this  rate 
would  not  be  exceeded^  at  Nicaragua.    The  locks  would  also  prove  a  constant  source  of  delay  to  commerce. 

In  this  connection  I  would  also  notice  Captain  Phelps's  effort  to  correct  (?)  my  figures  as  to  the  distance  saved  in 
a  passage  by  Tehuantepec  over  Nicaragua  and  Pauama.    My  statement  of  distances  was  made  in  statute  miles. 
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Captain  Phelps  ^eks  to  induce  the  belief  that  it  is  incorrect  by  stating  the  distances  in  nautical  miles,  which  are 
about  one-sixth  longer  than  statute  miles.     He  carefully  avoids  explaining  this  discrepancy,  however. 

Captain  Phelps  has  stated  that  no  vessel  with  a  full  cargo  has  been  taken  out  upon  a  dry-dock^  and  has  referred 
to  the  list  of  those  docked  with  cargo  on  the  hydraulic  dock  at  Malta.  From  the  large  list  furnished  by  the  secretary 
of  that  dock  company  of  vessels  taken  out  with  cargo  on  board,  I  refer  to  the  following: 


Name  of  steamer. 
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1.200 
1,700 
1,500 
1,140 
1.334 


489 
221 
342 
482 
159 
234 


The  gross  registered  tonnage  is  ascertained  by  dividing  the  entire  inclosed  area  of  the  ship  in  cubic  feet,  including 
cabins  on  deck,  as  well  as  the  entire  internal  area  of  the  hull,  by  100. 

The  net  registered  tonnage  is  ascertained  by  dividing  the  internal  area  of  the  ship,  in  cubic  feet,  by  100;  the 
area  occupied  by  the  engines,  boilers,  coal  bunkers,  and  the  like  having  been  first  deducted.  The  net  registered 
tonnage  is  therefore  intruded  to  represent  the  capacity  of  the  ship  as  a  freight  carrier.  In  one  of  Captain  Phelps's 
tables  he  states  the  ^om  Umntige  of  the  Servia  at  H,500  tons,  and  the  **  cargo-carrying  capacity"  at  6,500  tons.  It  will 
be  seen  tl>at  each  one  of  these  six  vessels  was  fully  loaded,  the  actual  cargo  on  board  being  largely  in  excess  of  the 
net  registered  tonnage.    The  above  is  an  absolute  refutation  of  the  misstatement  made  by  Captain  Phelps. 

In  addition  to  this  I  may  again  refer  to  the  letter,  dated  February  14,  from  Mr.  William  F.  Buckley,  president  of 
the  New  York  Balanced  Dock  Company,  giving  a  list  of  vessels  tftjcen  out  on  his  dock  with  cargoes  in  them: 

Ship  Great  Victoria,  2,386  tons. 

Ship  Triumphant,  2,046  tons. 

Ship  America,  2,054  tons. 

Ship  Hagerstown,  1,903  tons. 

Ship  S.  C.  Blanchard,  1,903  tons. 

Steamer  Colorado,  2,765  tons. 

St>eamer  Rio  Grande,  2,565  tons. 

Steamer  Thingvalla,  2,4:)6  tons. 

Steamer  Monarch,  2,366  tons. 

Steamer  Lepanto,  2,310  tons. 

Streamer  State  of  Nevada,  2,488  tons. 

Mr.  Buckley,  in  his  letter,  says:  ''We  do  not  refuse  any  class  of  ships  or  steamers,  even  with  their  coals  and 
cargoes  on  board,  whose  length  does  m>t  exceed  the  length  of  the  dock." 

Captain  Phelps  strives  to  create  the  belief  that  the  ship-railway  will  be  able  to  transport  vessels  which  weigh 
only  4,000  tons,  with  their  cargoes  in  them.  This  is  unwarranted  by  the  fact«.  The  road-beds  of  all  railways  are 
more  substantial  and  solid  a  year  or  two  after  construction  than  when  first  built,  and  to  sustain  a  test  of  4,000  tons 
immediately  after  completion  would  require  a  road-bed  able  to  sustain,  a  year  later,  with  equal  safety,  6,000  or  7,000 
tons.  The  test  of  4,000  tons  will  require  a  roadway  capable  of  transporting  vessels  of  at  least  6,000  tons  gross  weight, 
and  this  would  include  upwards  of  ninety-five  per  cent,  of  the  aggregate  tonnage  of  all  the  vessels  contained  in  Lloyds' 
Register  of  British  Shipping  for  1881.  This  includes  the  names  of  15,492  vessels,  with  an  aggregate  tonnage  of  10,528,625 
tons.  A  steamer  of  2,600  tons  gross  register  would  weigh,  with  full  cargo  and  coals,  about  4,000  tons ;  and  in  the  entire 
register  there  are  only  1,030,779  tons,  or  ten  per  cent,  of  this  amount,  in  vessels  of  greater  tonnage  than  the  proposed 
test.  That  is  to  say,  if  the  railway  was  only  capable  of  transpoiling  ships  weighing,  when  loaded,  4,000  tons,  it 
would  accommodate  ninety  per  cent,  of  the  tonnage  of  the  world.  But  as  it  will  be  built  at  once  for  vessels  weighing 
6,000  tons,  it  will  accommodate  at  least  ninety-five  per  cent,  of  the  world's  tonnage. 

Again,  Captain  Phelps  says:  ''There  are  a  great  many  men  in  this  country,  and  very  ^ble  men,  engaged  in  the 
construction  of  iron  vessels,  but  they  to  a  man  oppose  the  idea  of  ship  transportation  by  rail,  as  do  also  all  engaged  in 
their  construction  of  wood.  The  names  of  two  naval  constructors  appear  in  the  list.  One  of  these  men  is  a  ship- 
carpenter,  lidd  in  no  sense  a  builder  of  ships;  the  other  is  a  draftsman,  and  a  very  good  one." 

This  statement  is  full  of  errors.  One  of  the  United  States  naval  constructors  referred  to  so  disrespectfully  (Capt. 
Edward  Hartt)  has  no  superior  as  a  practical  and  scientific  shipbuilder  in  this  country.  He  is  one  of  the  oldest 
constructors  in  the  Navy.  His  father  was  the  first  chief  constructor  in  the  Navy,  and  his  grandfather  was  the  builder 
of  the  United  States  war  vessels  the  Constitution  and  United  States,  that  are  referred  to  with  such  pride  by  all 
Americans.  Captain  Phelps  has  been  a  seaman  long  enough  to  know  that  naval  constructors  in  the  American  and 
British  navies  are  required  to  serve  a  regular  apift^nticeship  as  ship-carpenters,  and  are  therefore  thoroughly  versed 
in  the  practical  part  of  their  profession.    They  also  have  to  acquire  a  full  scientific  knowledge  of  the  principles 
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involved  iu  shipbailding  by  a  system  of  mental  training  and  investigation,  to  which  Capt^un  Phelps  is  evidently  a 
total  stranger.  Some  of  the  ablest  mathematicians  of  the  world  have  devoted  many  years  of  their  lives  to  this 
department,  and  in  this  way  shipbailding  has  advanced  from  the  category  of  mechanical  art  and  is  now  recognized 
as  a  science. 

Particular  attention  is  called  to  the  letter  of  Commodore  T.  D.  Wilson,  the  present  chief  constructor  of  the  United 
States  Navy,  which  will  be  fonnd  in  the  appendix.    In  this  letter  Commodore  Wilson  says : 

*^  I  see  no  good  reason  why  any  vessel  cannot  be  snccessfnlly  raised  and  transported  npon  a  properly  constmcted 
railway  with  the  grades  as  Htated,  when  reasonable  skill  and  care  are  used  in  the  work,  and  I  believe  that  the  strains 
she  will  be  subjected  to  will  be  inferior  to  those  to  which  ocean  steamers  are  constantly  exposed." 

The  practicability  of  the  ship-railway  is  therefore  indorsed,  not  only  by  the  chief  constructor  of  the  British  Navy, 
bat  by  the  chief  constructor  of  the  American  Navy  also;  and  the  value  of  these  indorsements  is  apparent  when  it  is 
remembered  that  they  emanate  from  men  chosen  from  among  all  others  as  eminently  qualified  to  hold  such  high  and 
responsible  positions.  As  these  indorsements,  however,  are  adverse*  to  the  views  and  interests  of  Captain  Phelps,  he 
will  doubtless  entertain  very  little  respect  for  their  authors. 

But  Captain  Phelps  does  not  content  himself  with  simply  making  silly  and  absurd  statements  in  favor  of  the  canal 
and  against  the  ship-railway.  He  assails  Sir  Edward  Reed  in  a  most  unjust  way,  and  seeks  to  injure  him  in  the  opinion' 
of  the  committee.  It  is  very  easy  to  understand  the  motive  of  this  attack.  Some  time  ago  Captain  Phelps  issued  a 
pamphlet  and  distributed  it  among  Senators  and  members  of  the  House,  in  which  he  gave  expression  to  his  peculiar 
views  on  the  subject  of  the  canal  and  ship-railway.  The  statements  made  in  that  pamphlet  had,  for  absurdity,  never 
been  equaled  up  to  that  time,  and  have  only  been  excelled  by  his  more  recent  production.  It  happened  that  Admiral 
Ammen  thought  it  necessary  to  do  that  which  Captain  Phelps  so  much  condemns  iu  me,  viz,  seek  for  information  outside 
the  boundaries  of  his  own  country,  and  well  knowing  the  fact  that  Sir  Edward  Reed  occupied  the  very  highest  position  as 
an  engineer  and  naval  constructor,  addressed  him  a  letter  calling  his  attention  to  my  proposed  shiperailway  and  to  his 
proposed  canal,  and  solicited  from  him  an  expression  of  his  views.  The  fact  that  Admiral  Ammen  selected  Sir  Edward 
from  among  all  other  engineers  in  England  is  very  significant,  and  shows  that  he  must  have  held  him  in  the  highest 
regard.  There  was  no  talk  then  about  Sir  Edward  being  an  **  ex-naval  constructor  out  of  employment,"  no  suggestion 
thatbyreasonof  many  failures  he  was  *^  unsafe  and  unreliable  to  follow."  Admiral  Ammen,  not  content  with  merely  writ- 
ing a  letter,  in  an  evil  hour  yielded  to  temptation  and  forwarded  to  Sir  Edward  one  of  the  pamphlets  of  Captain  Phelps. 
He  seemed  to  regard  Captain  Phelps  in  much  the  same  light  as  that  in  which  the  famous  Captain  Edward  Cattle  was 
wont  to  regard  his  ancient  friend  Jack  Bunsby,  and  no  doubt  indulged  in  the  fond  hope  that  the  ''chunks  of  wisdom" 
contained  in  the  Bunsby  pamphlet  would  compel  Sir  Edward  to  denounce  the  ship-railway  as  impracticable.  The 
result  proved,  however,  that  the  pamphlet  had  just  an  opposite  effect  frt>m  that  expected.  If  Sir  Edward  could  have 
by  chance  entertained  any  previous  doubt  upon  the  subject  of  the  ship-railway  the  pamphlet  would  have  removed 
that'  doubt.  In  his  reply  to  Admiral  Ammen,  Sir  Edward  reviewed  the  statements  of  Captain  Phelps  in  detail,  and 
so  conclusively  demonstrated  the  absurdity  of  them  that  their  author  became  a  subject  of  real  commiseration. 

The  result  of  all  this  was  that  Admiral  Ammen  and  Captain  Phelps  became  offended  at  Sir  Edward,  and  they  now 
seek  to  belittle  and  traduce  him.  I  emphatically  deny  the  truth  of  any  and  all  statements  made  orally  by  Captain 
Phelps  or  contained  in  his  pamphlet  derogatory  to  Sir  Edward,  or  which  connect  him  with  any  failure  in  his  profession. 
It  is  a  very  easy  thing  for  Captain  Phelps  to  make  sweeping  allegations,  but  I  deny  their  truth  and  call  upon  him  to 
produce  the  record.  Garbled  extracts  from  the  record,  or  mere  citation  of  volume  and  page,  will  not  do.  He  has  had 
the  temerity  to  assail  one  of  the  most  distinguished  engineers  now  living,  when  the  latter  is  beyond  the  sea,  and  he 
should  be  prepared  to  sustain  his  charges  by  full  and  conclusive  record  proof. 

Captain  Phelps  refers  to  Sir  Edward's  connection  with  the  Lavidia  and  the  channel  steamer  Bessemer,  and  cites 
the  ''Transactions  of  the  Institute  of  Naval  Architects,"  to  show  that  the  alleged  failure  of  these  vessels  was  due  to 
Sir  Edward.  '  I  have  carefully  examined  the  record  referred  to  and  find  nothing  there  to  justify  such  an  imputation. 
Admiral  Popoff  acting  for  the  Russian  Government,  and  Mr.  Bessemer,  acting  for  himself,  sought  the  aid  of  Sir  Edward 
in  putting  to  the  test  their  own  peculiar  ideas.  The  "Transactions"  cited  by  Captain  Phelps  contain  the  highest 
encomiums  upon  the  ability  and  ingenuity  with  which  the  designs  of  these  inventors  were  incorporated  in  the  construe 
tion  of  the  vessels. 

No  U  ving  engineer  occupies  a  higher  position  than  does  Sir  Edward  Reed.  When  he  voluntarily  retired  ftom.  the 
position  of  chief  coustructpr  of  the  British  Navy  he  was  knighted  by  his  sovereign,  his  successor  was  appointed  upon 
his  recommendation,  and  the  English  Parliament  (of  which  he  is  now  an*honored  member)  so  highly  appreciated  the 
services  which  he  had  rendered  to  the  Government  that  they  voted  him  |25,000.  Throughout  the  civilized  world  his 
name  is  known  and  honored,  and  the  puny  effort^s  of  Captain  Phelps  to  tarnish  it  can  only  meet  with  ignominious 
failure. 

Captain  Phelps  seeks  to  convey  the  impression  that  I  employed  Sir  Edward  Reed  to  advocate  the  ship-railway 
project.    On  page  4  of  his  pamphlet  he  says : 

"  Compelled  to  go  to  England  to  find  a  ship  constructor  willing  to  approve  his  plans,  Captain  Eads,  Hfther  unfor- 
tunately for  himself,  struck  upon  Mr.  Reed,*  ex-naval  constructor,  out  of  employment." 

In  reply  to  this  I  have  only  to  say  that  it  is  absolutely  untrue,  1st,  that  I  was  compelled  (o  go  to  England  to  find 
a  ship  constructor  willing  to  approve  my  plans ;  and,  2d,  that  I  secured  the  services  of  Sir  Edward  Reed.  The  letters 
published  in  the  appendix  show  the  falsity  of  the  first  charge,  and  the  high  position  and  character  of  Sir  Edward  snfil- 
ciently  refute  the  apparent  insinuation  that  he  has  sold  his  opinions. 

Again  Captain  Phelps,  referring  to  Sir  Edward,  says: 

"Having  since  come  to  this  country,  he  has  been  going  about  with  Captain  Eads,  to  talk  up  the  ship-railway. 
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This  statement  is  also  untrue.  Sir  Edward  did  not  go  about  with  me  all  during  bis  recent  visit.  He  came  to  tbis 
country  to  attend  to  some  very  important  personal  interests  whicb  he  had  in  Florida.  He  was  in  Washington  for  only 
a  few  days,  and  that  was  tbe  only  time  I  saw  him  during  his  entire  visit.  He  appeared  before  the  Senate  committee 
at  its  request. 

The  reasons  why  a  ship-railway  is  preferable  to  a  canal  are  numerous  and  unanswerable.  They  may  be  summed 
up  as  follows : 

1st.  The  railway  can  be  constructed  in  four  years ;  it  will  require  from  ten  to  fifteen  years  to  complete  the  canal ; 

2d.  The  railway  can  be  constructed  for  one-half  of  the  cost  of  the  canal,  and  can  be  maintained  and  operated 
much  more  cheaply ; 

3d.  Vessels  can  be  transported  by  rail  much  more  quickly  than  by  canal ; 

4th.  In  case  of  accident  the  railway  can  be  repaired  more  speedily  aud  at  less  expense  than  the  canal ;  and, 

5th.  The  railway  cau  be  readily  made  to  meet  the  demands  of  future  commerce,  while  it  is  impracticable  to 
enlarge  the  canal. 

It  is  virtually  conceded  by  the  advocates  of  the  Nicaragua  scheme  that  if  a  canal  were  practicable  at  Tehuan- 
tepec  that  would  be  the  preferable  route.  It  being  shown  that  a  ship-railway  is  practicable,  it  follows  that  Tehuan- 
tepec  should  be  selected,  even  although  the  railway  possessed  no  advantage  over  the  canal. 

The  promoters  of  the  Nicaragua  scheme  state  that  the  cost  of  the  Saint  Louis  bridge  greatly  exceeded  my  esti- 
mates, and  that  it  cost  $15,250,000.  Professor  Woodward's  history  of  the  bridge  shows  that  the  cost  of  it  was 
$6,536,729.99.  He  had  access  to  every  document  relating  to  its  cost,  and  states  it  correctly.  It  will  be  seen  in  the 
appendix,  by  the  letter  of  Colonel  Flad,  the  chief  assistant  euglneer  of  the  bridge,  and  who  is  now  president  of  the 
board  of  public  works  of  Saint  Louis,  that  this  is  only  the  revival  of  an  effort  made  seven  years  ago  to  defeat  the 
jetty  bill.  In  this  connection  I  will  refer  to  the  fact  that  the  cost  of  improving  the  mouth  of  the  Mississippi  was 
undertaken  by  me  for  ninety  thousand  dollars  less  than  the  estimate  of  the  distinguished  commission  of  engineers  to 
which  the  subject  was  referred  in  1875,  and  that  that  work  is  completed,  its  debts  paid,  and  one  million  of  the  esti- 
mated cost  of  it  is  left  in  the  bands  of  the  Government  assecurity  for  the  maintenance  for  twenty  years  of  the  specified 
maximum  channel  through  the  jetties. 

Captain  Phelps  and  bis  associates  belong  to  a  class  of  persons  who  are  opposed  to  progress  and  advancement. 
Were  our  people  all  like  them  the  steamship,  the  telegraph,  and  tbe  railway  car  would  be  unknown.  This  class  has 
always  existed  and  probably  always  will  exist,  and  it  may  be  expected  that  every  proposition  looking  to  the  abandon- 
ment of  old  methods  for  new  and  better  ones  will  meet  with  their  determined  opposition.  Years  ago  when  it  was 
proposed  to  apply  steam  to  ocean  vessels  the  country  rang  with  an  outcry  against  it.  The  proposal  was  denounced  as 
visionary  and  absurd,  and  found  its  most  bitter  opponents  among  that  class  to  which  Captain  Phelps  belongs,  namely, 
seamen.  Ship  captains  without  number  could  then  be  found  ready  with  the  most  conclusive  reasons  why  the  sail  should 
not  be  made  to  give  place  to  steam,  and  many  were  the  prophecies  of  dire  destruction  to  life  and  property  which  would 
follow  the  adoption  of  so  mad  a  proposal.  When  it  was  proposed  to  connect  the  Old  and  the  New  World  by  the  Atlantic 
cable  the  obstructionists  laughed  at  the  idea.  The  cable  would  break  ;  it  could  not  be  made  strong  enough  to  sustain  its 
weight;  the  salt  water  would  afiect  the  material  of  which  it  was  composed.  This  aud  much  more  they  said.  Now 
mijishty  steamships  safely  plow  the  '^^^ters  of  evecy  sea,  and  the  cable  has  obliterated  the  distance  between  the  conti- 
nents. Along  the  path  of  hum^n  progress,  ignorance  and  prejudice  are  always  retarding  the  onward  march  of  improve- 
ment, and  no  great  enterprise  designed  to  bless  the  human  family  has  ever  attained  success  without  having  met  and 
conquered  such  enemies.  It  is  not,  therefore,  to  be  wondered  at  that  when  it  is  proposed  to  abandon  the  antiquated 
canal  system,  and  carry  ships  overland  upon  the  railway,  such  men  as  Captain  Phelps,  Captain  Merry,  and  Admiral 
Ammen  should,  with  much  clamor  and  long  lists  of  reasons,  raise  the  issue  of  impraclicability,  and  make  themselves 
hoarse  with  the  cry  of  failure.  Nor  is  it  strange  that  many  underwriters,  proprietors  of  iron  works,  and  some  ship- 
builders can  be  found  to  join  in  the  cry.  But  men  who  have  devoted  their  lives  to  mechanical  science,  aud  who  have 
by  experience  and  success  attained  the  highest  rank  among  their  fellows,  with  one  voice  unite  in  the  assertion  that 
the  ship-railway  is  entirely  practicable. 

The  question  is  not  whether  a  ship-railway  shall  be  built,  for  that  is  even  now  settled  in  the  afiirmative.  The 
only  question  is,  shall  it  be  made  an  American  enterprise,  designed  to  benefit  American  commerce,  or  shall  its  success 
be  due  to  English  capital  and  for  the  advantage  of  English  commerce  ? 

Respectfully, 

JAMES  B.  EADS. 
Hon.  C.  G.  Williams,  Chaimuin  of  the  Committee  on  Foreign  Affairs^  of  the  Home  of  Representatives, 


LETTER  FROM  MR.   8.   L.   PHELPS. 

Sir:  The  paper  Captain  Eads  has  submitted  as  a  reply  to  my  statements  in  regard  to  his  ship-railway  scheme 
made  to  the  Committee  on  Foreign  Afi'airs,  1  can  hardly  view  as  in  any  degree  an  answer. 

I  had  taken  pains  to  prepare  a  connected  argument,  ofiering  reasons  and  deductions  based  upon  the  statements 
aud  experience  of  seamen,  ship-builders,  railway  and  other  engineers,  underwriters  and  owners,  and  upon  works  of 
acknowledged  authority.    When  before  you  I  produced  the  publications  from  which  I  quoted. 

There  is  hardly  an  assertion  made  throughout  my  statements  in  respect  to  the  ship-railway  that  is  dependent  in 
any  degree  upon  my  own  knowledge. 
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Captain  Eads  has  not  attcinpted  to  answer  a  single  mechanical  point  advanced  hy  me,  hnt  has  indalg^  in  what 
may  best  be  classed  as  a  tirade  in  which  unsustained  declarations  are  interwoven. 

When  I  point  to  the  noted  failures,  as  a  naval  constructor,  of  Mr.  Reed,  who  is  chiefly  quoted  as  an  authority  by 
both  Captain  Eads  and  in  the  report  of  the  Committee  on  Commerce  of  the  Senate,  and  produce  my  anthorities, 
Captain  Eads  makes  no  attempt  to  disprove  them,  but  asks  you  to  regard  Mr.  Reed's  reputation  as  a  sufficient  refuta- 
tion. We  say  that  confidence  in  his  judgment  was  impaired  by  his  innate  disposition  to  seize  upon  novel,  untried, 
and  experimental  ventures,  giving  repeated  instances  of  the  utter  failure  of  trials  of  this  character  upon  which  he 
had  entered  as  an  enthusiastic  supporter. 

His  failures  as  a  ship  constructor  were  referred  to  as  indicating  want  of  that  precision  and  soentific  exactness  to 
which  he  lays  such  high  degrees  of  claim.  These  were  thought  sufficient  proofs  of  the  unreliable  character  of  opinions 
he  might  express  in  regard  to  the  feasibility  of  the  «hip-railway  project.  I  may  remark  that  his  statement  before  the 
Senate  committee  bears  evidence  throughout  of  the  advocate  and  not  of  the  disint'Crested  witness.  His  disregard  of 
facts  and  his  erroneous  conclusions  were  indicated  by  me,  but  Captain  Eads  does  not  attempt  to  refute  my  statements 
in  these  respects.  Iif  one  sole  particular  I  owe  Mr.  Reed  the  amend,  having  mistaken  his  unusual  way  of  expressing 
tonnage  when  stating  that  ships  named  by  him  as  having  been  docked  with  cargo  in  were  not  fully  loaded.  By 
reference  to  Lloyd's  Register  I  find  they  were  freighted.  As  mention  was  made  of  the  **  Captain,"  and  it  was  inti- 
mated that  its  loss  had  been  charged  against  Mr.  Reed,  I  can  only  say  if  so  it  is  not  just,  because  he  gave  warning 
that  want  of  free  board  would  make  the  vessel  dangerous, -a  criticism  entirely  sustained  in  the  disaster  that  followed. 

So  in  the  case  of  Mr.  Fnertes,  I  stated  that  he,  being  an  engineer,  knew  that  a  ship-railway  must  be  in  straight 
lines,  and  consequently  could  not  follow  the  tortuous  course,  embracing  17  miles  increased  distance,  necessary  to  gain 
easy  grades  in  passing  over  the  heights,  in  which  are  precipitous  peaks  of  1,000  to  2,000  feet  altitude,  and  I  produced 
the  surveys  of  General  Barnard  and  of  Commodore  Shufeldt,  as  well  as  those  of  the  present  Tehuantepeo  Interocean 
Railway  Company.  I  quoted  Mr.  Garay  to  show  that  he  had  no  hope.of  a  grade  of  less  than  two  per  cent.,  or  of  105.6 
feet  per  mile,  or  of  a  cut  less  than  Sl^  feet  depth — a  cut  that  will  require  more  time  to  make  than  is  necessary  to  com- 
plete the  Nicaragua  canal.  I  might  have  quoted  the  ridiculous  part  of  Mr.  Fuertes'  letter,  but  the  purpose  was  to 
expose  his  subterfuge  in  his  statement  respecting  the  grades  obtainable. 

I  cited  the  written  opinions  of  every  iron-ship  builder  in  this  country,  and  of  other  ship-builders,  as  well  as  that 
of  Mr.  I^undorg,  a  Swedish  constructor  of  European  reputation,  to  show  that  taking  vessels  out  of  water  loaded  is 
esteemed  by  builders  as  a  dangerous  operation. 

Then  I  quoted  from  a  number  of  owners  of  vessels  and  managers  of  large  steamship  companies  to  show  their 
concurrence  with  the  builders  in  this  view.  I  might  have  quoted  Mr.  William  Gnion,  amongst  whose  ships  are  the 
City  of  Rome  and  the  City  of  Berlin,  who  only  last  week  told  me  they  regarded  docking  steamers  with  cargo  in  as  very 
unsafe,  and  only  to  be  done  under  unavoidable  necessity. 

In  reply,  Mr.  Eads  quotes  dock  managers  and  owners.  We  offer  the  evidence  of  dock  owners  and  managers, 
also,  who  take  our  view  of  the  risk  undergone. 

He  gives  a  long  list  of  experts,  as  he  styles  them,  who  support  his  railway  scheme,  but  a  careful  sifting  will  show 
that  the  letters  relate  largely  to  lifting  ships  or  to  docking  them. 

The  possibility  of  transportation  of  ships  by  rail  is  in  some  instances  regarded  favorably,  but  conditioned  upon 
the  road-bed  being  fii^,  straight,  and  of  light  grade,  and  the  ships  to  be  carried  small  ones,  such  as  are  those  of  4,000 
tons  displacement  or  less. 

Mr.  Pearce,  one  of  Captain'  Eads's  authorities,  said  recently  when  in  New  York  that  he  thought  **  a  new  iron 
vessel  of  not  over  4,000  tons  displacement  might  stand  the  strains  if  the  road  were  firm  enongh.^* 

Mr.  Job  n^s  statement  contains  little  to  give  comfort  to  Mr.  Eads;  but  the  committee  in  reading  the  various  letters 
will  observe  that  no  writer  of  them  attempts  to  estimate  the  cost  of  constructing  or  of  operating  a  ship-railway,  while 
the  character  of  roadway  thought  necessary  to  admit  of  success  in  the  carriage  of  a  ship  is  the  one  requirement  in  the 
problem  the  most  costly,  difficult,  and  uncertain  to  be  dealt  with. 

Captain  Eads  does  not  attempt  to  refute  my  statement  as  to  the  enormous  pressure  per  square  foot,  imposed  by 
moving  bodies,  to  which  the  roadway  would  be  subjected,  a  pressure  liable  to  be  100  or  200  tons,  or  still  more,  per 
square  foot,  and  one  so  far  beyond  the  experience  of  engineers  in  Any  work  ever  yet  constructed  that  no  one  is  pre- 
pared to  say  what  construction  would  or  could  endure  it.  Then,  is  Captain  Eads  prepared  with  approved  plans  for 
bridges  over  the  Coachapa,  Chalchijalpa,  Coatzacoalcos,  Perico,  and  other  rivers  and  numerous  streams  he  must  pass, 
all  subject  to  floods  of  great  volume  in  the  rainy  seasons;  streams  that  overflow  their  banks  and  cover  wide  districts? 
These  bridges  must  bear  the  stress  of  5,000, 10,000,  or  even  more  than  15,000  tons,  if  a  large  class  of  vessels  be  carried ; 
weights  in  motion,  and  massed  in  lengths  ranging  from  200  to  500  feet,  and  in  Vidths  of  30  to  50  feet.  These  weights 
represent  that  of  250  to  750  or  more  of  loaded  freight  cars,  placed  in  the  spaces  indicated,  and  moving  over  the  bridge. 

He  says  I  misrepresent  his  differences  in  distances ;  that  when  he  gave  the  difiereuce  between  New  Orleans  and 
San  Francisco  via  Tehuantepec  and  via  Panama  as  2,200  miles  I  knew  he  meant  statute  miles.  I  knew  nothing  of  the 
kind  ;  but  the  Hydrographic  Office  makes  the  difiference  to  be  1,603  miles,  equivalent  to  1,789  statute  miles,  and  not 
nearly  2,200  such  miles. 

Projects  of  the  most  chimerical  character  hav^  been  or  are  being  agitated  the  world  over,  each  one,  however 
improbable,  being  demonstrated  scientifically  as  perfectly  feasible  and  sustained  by  favorable  opinions  expressed  by 
eugineers.  The  Honduras  ship-railway  scheme  became  the  subject  of  wide  discussion  in  English  papers:  pamphlets 
upon  pamphlets  were  issued  with  no  end  of  engineering  indorsements ;  but  the  scheme  ended  in  miserable  disgrace 
and  failure,  as  have  so  many  others  of  like  description.    The  periodicals  in  England  are  now  publishing  demonstra- 
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tions  that  the  only  method  of  reaching  the  North  Pole  is  by  balloon.  How  many  times  have  thousandB  of  disappointed 
people  assembled  to  witness  attempts  at  aerial  navigation,  demonstrated  ''by  lifetime  mechanical  scientists"  to  be 
of  easy  execution  t  Subaqneons  navigation  has  been  seriously  proposed.  Cabins  pivoted  so  as  to  remain  without 
motion  in  the  heaviest  seaway  have  found  men  foolish  enough  to  invest  their  money.  A  Russian  admiral  demonstrated 
that  tubs  of  enormous  diameter  were  to  replace  vessels  of  other  forms  in  naval  warfare,  and  Mr.  Reed  lent  himself  to 
that  as  to  the  other  delusion.  The  Keely  motor  is  another  illustration  of  scientitic  pretense,  and  recently  we  were  here 
favored  with  demonstrations,  backed  by  opinions  of  distinguished  technical  men,  of  a  newly  discovered  source  of  power 
destined  to  supplant  steam.  Ericsson,  a  truly  mechanical  scientist,  proved  long  ago  that  the  caloric  engine  was  also 
to  displace  the  use  of  steam  as  a  motor. 

£ver  since  philosophers  began  the  search  for  the  fountain  of  youth,  visionary  schemes  have  risen  one  upon  the 
other,  each  in  turn  to  be  consigned  to  merited  oblivion,  but  not  always  without  misfortune  to  credulous  dupes. 

Da  Vinci  proved  centuries  since  the  efficiency  of  canal  lucks,  thus  solving  the  only  problem  there  ever  was  in  a 
canal  construction  like  the  one  Captain  Eads  told  you  would  be  made  across  Florida  as  an  auxiliary  to  his  railway. 
The  measurement  of  heights  to  be  overcome,  of  the  amount  of  water  obtainable,  the  facility  for  drainage,  and  the 
excavation  necessary,  are  really  the  only  points  requiring  investigation  to  demonstrate  the  feasibilitv  of  a  proposed 
canal  construction. 

The  Committee  on  Commerce  of  the  House  of  Representatives  has  recently,  according  to  Captain  Eads's  philos- 
ophy, shown  itself  '* opposed  to  progress  and  advancement"  by  reporting  a  bill  to  provide  for  construction  of  the 
Delaware  and  Chesapeake  ship-canal,  having  two  locks.  Why  does  not  Captain  Eads  seize  the  opportunity  to  con- 
struct aud  operate  a  ship-railway  in  lieu  of  this  proposed  canal,  thus  saving  money  to  the  Government  and  securing 
profit  to  himself  T 

The  people  of  this  country  very  generally  are,  apparently,  **  oi^posed  to  progress  and  advancement"  and  trust 
still  to  ''antiquated  methods,"  as  Congress  is  being  importuned  from  every  section  to  construct  artificial  water  com- 
munications iu  the  interest  of  cheap  carriage.  Canal  inclines  haveiieen  in  use  many  years,  yet  the  substitution  of 
rails  for  the  carriage  of  canal  boats  has  not  followed ;  but,  on  the  contrary,  many  millions  have  been  expended  in  canals 
and  in  their  enlargement.  The  Canadians  have  been  so  stupid  as  to  spend  a  great  sum  recently  in  the  enlargement  of 
the  Welland  Canal.  Indeed,  the  whole  world  just  now  is  opposed  to  Mr.  Eads's  scientific  progressive  views,  notably 
France,  where  canal  constructions,  extensions,  and  enlargements  are  popular. 

In  respect  to  earthquakes  (page  6)  Captain  Eads  quotes  me.  Any  fair-minded  reader  will  at  once  detect  how  the 
captain  seems  willfully  to  have  misunderstood  what  I  stated  of  the  effects  of  earthquakes.  It  is  a  structure  resting 
upon  the  earth's  surface  that  is  thrown  about  and  destroyed.  An  entire  town  may  be  wrecke<l  and  no  sign  of  the 
commotion  that  did  the  mischief  be  visible  in  the  ground  itself.  Miners  are  sometimes  unaware  of  earthquake  dis- 
turbances above  them.  The  cellars  and  substructures  of  buildings  are  not  injured  when  the  buildings  themselves 
tumble  to  the  ground.  It  is  easy  to  see  that  ships  upon  cars  would  be  like  buildings  resting  on  the  earth's  surface,  or 
animals  standing,  and  would  be  liable  to  be  thrown  down  a^  are  buildings  and  animals,  while  the  bed  of  the  road, 
like  the  earth's  surface,  of  which  it  in  fact  would  be  part,  would  be  uninjured,  except  the  damage  coming  of  the 
wrecked  car  aud  ship.  There  would  be  this  difference,  however,  that  a  shock  which  might  not  injure  the  low,  thick, 
but  yielding  walls  of  the  adobe  house  would  destroy  a  shij)  resting  upon  so  insecure  a  foundation  as  the  wheels  of  a 
car,  leaving  both  ship  and  car  a  mass  of  scrap-iron. 

As  Captain  Eads  has  seen  fit  to  reflect  upon  Mr.  McAIpine's  evidence  by  referring  to  their  difference  of  opinion 
about  the  Saint  Louis  bridge,  I  think  it  just  to  quote  from  General  Warren's  report  (page  1028)  on  bridging  the  Mis- 
sissippi River.    Referring  to  the  Saint  Louis  bridge : 

"  The  opinions  of  engineers  generally  are  unfavorHble  to  this  form  of  bridge. 

"1.  It  is  a  form  that  interferes  too  much  with  navigation.    (Report  of  Army  Engineer  Board.) 

"2.  It  is  not  considered  a  good  pattern  for  economy. 

"3.  It  is  subject  to  great  strains,  due  to  temperature. 

"  4.  It  is  difficult  to  calculate  the  strains  upon  different  parts  and  apportion  the  dimensions  of  parts." 

The  second,  third,  and  fourth  reasons  were  taken  from  the  discussion  in  the  American  Society  of  Civil  Engineers. 

It  thus  appears  engineers  generally  concur  with  McAlpine's  views,  and  we  may  feel  sure  those  who  sunk  millions  in 
the  bridge  concur  to  a  man.  That  his  reputation  has  not  suffered  is  proven  by  the  frequency  of  his  employment  in  the 
greatest  of  public  works,  and  by  his  selection,  as  the  civil  engineer  of  the  widest  reputation  of  all  Americans,  by  the 
Austrian  Government  as  a  member  of  an  international  commission  to  investigate  the  question  of  improvement  of  the 
Danube. 

When  an  attorney  (f)  cannot  successfully  attack  evidence  he  generally  attacks  the  man  who  gave  it,  a  truism 
that  applies  to  the  entii-e  paper  of  Captain  Eads,  but  especially  to  his  unwarranted  attack  on  McAlpine  (page  3),  iu 
stating  that  the  declai*ation  of  that  gentleman,  "that  he  had' examined  personally  the  route  of  the  ship-railway,"  is 
false.  Mr.  McAlpine  was  on  the  Isthmus,  and  Mr.  Eads  was  not  there  at  the  time.  How  can  he  know  what  McAlpine 
did  while  there  f    Mr.  Eads  told  you  he  himself  had  made  no  personal  examination  of  the  proposed  line  of  the  road. 

Captain  Eads  includes  Captain  Merry  in  his  criticisms.  Is  it  possible  Mr.  Merry  has  so  greatly  deteriorated  as  a 
man  of  judgment  and  value  since  Eads  proposed  that  he  should  join  him  in  the  railway  scheme  and  reap  a  large  share 
in  it«  profits  f  He  might  as  well  say  that  Cramp,  Roach,  McKay,  Rowland,  Mallory,  Webb,  Lundorg,  Henderson,  Cox, 
Savary,  Parker,  Hutton,  Sir  John  Hawkshaw,  General  Weitzel,  General  Humphreys,  General  Ammen,  the  Pusey-Jones 
Company,  theDelemater  Company,  Lavaller,  Cotard,  aud  many  others  of  fame  in  their  pursuits,  are  dafts  and  know- 
nothings. 
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On  page  931  of  the  report  of  General  Warren,  before  referred  to,  is  the  following  statement : 

"The  building  of  the  bridge  at  Saint  Louis,  giving  a  headway  of  only  50  feet  at  ordinary  extreme  high  water, 
has  compelled  a  change  in  the  boats  running  above,''  etc. 

Captain  Eads's  plans  originaUy  embraced  a  truss  bridge,  which  would  have  given  an  equal  clearance  thronghoat 
between  piers,  and  not  been  subject  to  the  great  objection  that  a  steamer  must  be  run  through  the  center  of  an  arch 
of  the  existing  span  to  be  safe.  Much  deviation  to  either  side  would  sweep  away  all  upper  works  of  a  boat,  since 
high  water  reaches  to  the  spring  of  the  arches. 

I  have  always  understood  that  Captain  Eads  changed  the  plan  of  the  bridge  in  the  interest  of  Saint  Louis, 
expecting  that  it  would  practically  make  of  that  city  the  head  of  navigation  for  all  steamers  running  upon  the  river 
below. 

As  regards  the  harbor  of  Greytown,  I  repeat  what  was  before  stated,  that  the  committee  of  engineers  of  the 
Paris  canal  congress,  amongst  whom  were  Lavaller  and  Cotard,  approved  Mr.  Menocal's  plans  for  reclamation  of  that 
harbor ;  that  the  American  Society  of  Civil  Engineers  favorably  discussed  it ;  that  Mr.  Davidson,  of  the  United  States 
Coast  Survey,  approved  it,  as  had  other  persons  of  eminence.  General  Humphreys  observed  no  difficulty  about  that 
point  when  reporting  that  the  Nicaragua  route  was  preferable  to  any  other  surveyed  route  over  the  American  Isthmus 
for  a  ship-canal. 

I  quoted  from  the  report  of  the  Suez  Canal  Company  for  1880,  that  the  average  rvnittfi^  time  of  vessels  in  its  canal 
had  been  17  hours  and  10  minutes.  As  the  distance  is  over  100  miles,  the  average  rate  of  speed  while  under  way  is  there- 
fore ohoutQ  miles  per  hour.  The  total  average  time  in  making  the  transit  of  the  canal  is  41  howr$ ;  so  that  the  average 
speed  made,  including  laying  by  at  night  and  other  detentions,  is  ^  miles  per  hour. 

These  figures  differ  entirely  from  Captain  Eads's  unsupported  statement  on  page  6  of  his  reply. 

How  does  Captain  Eads,  in  his  statement  that  he  only  saw  Mr.  Reed  in  Washington  during  his  recent  visit  to 
this  country  (on  page  11  of  his  reply),  account  for  their  visit  to  General  Grant  in  New  York  f 

On  page  11  Captain  Eads  gives  five  reasons  why  the  railway  would  be  preferable  to  a  ship-canal.  If  these  reasons 
are  good  and  valid,  and  the  science  of  the  world  sustains  them,  why  does  not  he  come  down  in  his  demands  upon  the 
Government  to  the  same  basibof  conditions  found  in  the  Nicaragua  Canal  bill  f  That  is  to  say,  ask  that  when  he  shall 
have  completed  the  ship-railway  and  is  actually  engaged  in  carrying  any  and  all  vessels  offering  for  transport  over  the 
Isthmus,  and  has  carried  one,  say,  of  the  size  of  the  Pacific  Mail  Company's  steamers  now  in  the  Pacific  of  only  9,000 
tons  displacement — all  done  to  the  satisfaction  of  owners — then  the  Government  shall  guarantee  net  receipts  of  3  per 
cent.,  allowing  $1,000,000  for  expenses  of  operating  and  maintaining  the  roadf  Instead  of  this  simple,  straightfor- 
ward, and  perfectly  intelligible  petition,  made  by  the  canal  promoters.  Captain  Eads  has  prepared  an  elaborate  system  of 
consecutive  trials  of  small  sections,  involving  twenty-two  visits  by  an  inspecting  board  to  the  Isthmus,  after  each  one 
of  which,  if  the  trials  are  reported  as  conforming  to  requirements  in  the  letter  of  the  law,  he  is  to  have  issued  to  him 
certain  millions' of  6  per  cent,  guaranteed  stock.  No  doubt  the  possession  of  such  stock,  carrying  6  per  cent,  interest 
for  twenty  years,  would  be  very  handy  for  use  in  securing  the  money  required  to  proceed  with  the  work.  It  will  be 
observed,  however,  that  the  credit  of  the  Government  is  the  reliance  for  obtaining  money  to  carry  on  the  work  of  ex- 
periment. 

Captain  Eads  finds  no  capital  ready  to  venture  the  road  construction.  It  is  the  United  States  Treasury  that  is 
to  try  the  experiments  and  to  prove  the  correctness  of  the /re  reasons  referred  to. 

As,  on  page  12,  Captain  Eads  fi^oes  into  the  cost  of  the  Saint  Louis  bridge,  I  may  be  pardoned  another  jwferenoe 
to  that  needlessly  costly  construction,  by  directing  you  to  the  report  of  the  engineer  in  chief  of  the  IlUnois  and  Saint 
Louis  Bridge  Company,  Saint  Louis,  May,  1868,  signed  '*  James  B.  Eads,"  in  which  the  estimated  cost  of  the  bridge, 
approaches,  tunnel,  railroad,  and  land  condemnations  is  given  as  ;t4,496,953.09 ;  also  to  a  report  of  a  committee  of 
stockholders,  appointed  for  the  purpose  of  inquiry  into  its  financial  condition,  February  3,  1875.  From  this  report  it 
is  learned  that  the  actual  outlays  up  to  October  1,  1874,  for  the  purposes  above  cited,  had  been  $15,212,598.44.  I  find 
no  better  sources  of  information  in  regard  to  the  actual  cost  of  this  immensely  expensive  and  obstructive  structure 
than  that  above  quoted,  being  the  certificates  of  the  men  who  furnished  the  money  to  build  it.  Other  bridges  over  the 
Mississippi,  equally  efficient,  have  not  cost  one-fifth  part  of  the  money. 

On  the  same  page  Qaptain  Eads  ventures  the  statement  that  seamen  opposed  the  introduction  of  steam  for  sea- 
going vessels.  My  recollection  is  that  Mr.  Dionysius  Lardner,  a  well-known  scientist,  *^  who  had  devoted  a  life-time 
to  mechanical  science,"  demonstrated  scientifically  that  a  steamer  could  not  possibly  traverse  the  Atlantic.  The  men 
who  proved  it  could  be  done^  by  doing  if,  were  seamen.  Captain  Eads  says  we  would  oppose  ocean  telegraph  lines,  being 
innovations.  I  took  part  in  laying  the  first  telegraph  cable,  and  do  not  recall  that  seamen  engaged  iu  it  ridiculed  . 
the  possibility  of  both  laying  and  of  successfully  using  such  cables.  •  I  think  we  were  rather  enthusiastic  about  the 
undertaking. 

The  committee  will  pardon  one  more  quotation  from  and  reference  to  Mr.  Eads's  paper,  because  of  the  spirit  in 
which  it  was  written,  found  on  the  last  page,  as  follows : 

**  But  men  who  have  devoted  their  lives  to  mechanical  science,  and  who  have  by  experience  and  success  attained 
the  highest  rank  among  their  fellows,  with  one  voice  unite  in  the  assertiou  that  the  ship-railway  is  entirely  praoti- 
oable."  % 

This  is  so  well  disproved  by  facts  in  possession  of  the  committee  that  I  might  have  left  it  unheeded,  but  I  cannot 
forbear  rebuking  an  assertion  so  presumptuous,  so  audacious,  nor  can  I  forget  that  Captain  Eads  was  in  early  life  a 
steamboatman  on  the  Mississippi ;  that  he  is  understood  to  have  managed  glass-works  in  Saint  Louis ;  that  he 
managed  a  wrecking  company  on  the  Mississippi ;  that  he  undertook  the  management  of  a  life  insurance  company ; 
that  he  got  into  the  management  of  the  State  Bank  of  Missouri.    The  fate  of  each  of  these  institutions  is  a  matteir 
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of  history.  (See  sketch  by  Joseph  Brown,  esq.,  Saint  Louis.)  How  these  various  pursuits  comport  with  a  ''life 
devoted  U>  mechanical  science  "  I  leave  to  you  to  determine.  I  have  made  no  claims  to  science,  nor  have  I  urged  an 
engineering  experience^  but  I  may  be  allowed  to  mention  that  I  was  engaged  for  years,  under  orders  of  this  Qovem- 
ment,  in  making  and  reducing  astronomical  observations  in  this  country  and  South  America,  being  so  engaged  at 
about  the  time,  so  far  as  I  can  judge,  that  Captain  Eads  was  working  the  wrecking  company.  In  that  long  experience 
I  learned  to  distinguish  clearly  between  real  and  spurious  science. 

We  have  now,  for  the  first  time  since  they  were  put  down,  an  opportunity  to  witness  the  effect-s  of  protracted 
floods  upon  the  Mississippi  jetties.  As  the  floods  subside  how  many  and  how  extensive  bars  will  be  discovered  to 
have  been  formed  across  their  line  ? 

Admitting  everything  Captain  Eads  claims  for  his  railway,  it  cannot  stand  for  a  moment  as  a  business  proposi- 
tion in  a  comparison  with  the  canal  project. 

The  expenses  of  the  Suez  Canal  Company  ar»  now  8.85  per  cent,  of  its  gross  receipts,  and  might,  by  regulating 
the  Paris  office,  be  reduced  to  less  than  7  per  cent.,  while  the  ratio  of  expense  is  diminishing  in  almost  the  same  ratio 
as  the  receipts  increase,  since  the  cost  of  operating  the  canal  does  not  grow  with  the  augmented  business.  This  rate 
of  expenditure  embraces  a  large  amount  of  dredging  yearly. 

Captain  Eads  asks  that  50  per  cent,  of  gross  receipts  be  allowed  for  maintenance,  management,  and  conduct  of 
the  railway,  a  proportion  less  than  is  realized  by  any  railroad  in  this  country. 

The  difference  in  the  charges  necessary  for  the  road  and  canal  for  account  of  expenses  would  amount  to  millions 
annually  and  would  become  a  burden  upon  commerce.  Such  a  comparison  made  with  the  Suez  Canal  Company's 
expenditures  for  1881,  being  the  difference  between  50  per  cent,  and  8.85  per  cent,  of  its  receipts,  would  have 
amounted  to  $4,073,275.  This  simple  statement  should  set  at  rest  all  questions  respecting  the  relative  merits  of  the 
two  projects.  It  is  unnecessary  to  argue  regarding  the  possibility  of  ship-railway  transportation.  Granting  it  can 
be  done,  the  cost  of  maintaining  and  operating  the  railway  condemns  the  project. 

The  canal  route  is  but  53  miles  in  length,  and  lies  along  a  line  of  water  communication  in  such  manner  that  men 
and  supplies  can  be  placed  at  any  point  with  ease  and  facility,  and  work  may  be  carried  on  simultaneously  at  as 
many  places  as  is  desired.  The  railway  line  is  said  to  be  150  miles  long-^-not  located,  we  are  told — and  possesses  no 
such  advantage  in  transportation  as  the  canal  line.  The  heavy  work  of  the  miuntaln  region  must  be  done  under 
every  disadvantage,  and  will  require  consequently  much  greater  length  of  time  in  proportion  to  quantities  of  exca- 
vation to  be  done  than  would  the  same  work  along  the  accessible  canal  route.  The  amount  of  work  for  the  railway, 
then,  would  be  greater,  and  the  time  required  to  accomplish  it  would  be  in  still  greater  ratio. 

United  States  engineers  have  placed  the  estimated  cost  of  the  entire  canal  and  harbor  work  at  141,000,000. 

The  canal  society  claimsthat  the  additions  for  contingencies,  interest  during  construction,  commissions,  Nicara- 
gua's shares,  Slc,  will  swell  the  total  actual  cost  to  $75,000,000,  but  that  capitalists  will  require  more  latitude  than 
that  limit  gives,  and  hence  $100,000,000  is  fixed  npou  as  the  greatest  amount  of  stock  that  can  be  issued.  The  United 
States  are  to  have  a  representative  in  the  board  of  direction,  and  will  thus  have  a  voice  in  all  the  company ' 

~  Captain  Eads  estimates  the  cost  of  his  railway  at  $75,000,000.  What  he  includes  he  has  not  stated  so  far  as  I 
have  learned,  and  as  surveys  of  much  of  the  route*have  not  been  made,  it  is  difficult  to  understand  on  what  he  bases 
estimates  for  cost.  But  admitting  the  correctness  of  them,  on  the  one  hand,  and  of  those  of  the  canal  society  on  the 
other,  the  charges  necessary  over  the  road  to  defray  the  cost  of  working  and  maintaining  it  would  be  six  or  seven 
times  greater  than  for  the  canal,  a  fact  conclusive  as  to  their  relative  merits,  conclusive  as  to  all  practical  questions 
connected  with  them,  and  equally  conclusive  as  to  which  of  the  two  enterprises  belongs  to  true  progress.  It  requires 
no  '4ife-time  devoted  to  mechanical  science^'  to  see  and  appreciate  these  sound  and  common-sense  points.  No  science 
is  needed  in  their  demonstration,  and  but  a  small  quota  will  be  needed  in  the  construction  of  a  safe,  capacious, 
enduring,  and  economical  ship-canal  in  Nicaragua. 

I  append  the  opinion  of  a  well-known  engineer  who  was  appointed  by  the  Government  to  make  a  personal  exam- 
ination of  the  Nicaragua  Canal  route. 

Very  respectfully,  your  obedient  servant, 

S.  L.  PHELPS. 
Hon.  C.  G.  Williams, 

Chavman  of  the  Committee  on  Foreign  Affairs,  House  of  Bepresentaiives, 


Addenda  to  foregoing  Letter. 

2\f  the  Committee  on  Foreign  Affairs,  House  of  Representatives : 

Gentlemen  :  In  the  month  of  February,  1874,  General.Humphreys,  then  Chief  of  Engineers,  United  States  Army, 
requested  that  I  should  pass  over  the  routes  that  had  been  surveyed  in  relation  to  a  ship-canal  across  the  Isthmus, 
and  were  then  under  consideration  by  a  commission  of  which  he  was  the  president.  He  and  myself  were  classmates, 
and  graduated  at  the  United  States  Military  Academy  in  1831,  and  from  our  long  association,  and  his  knowledge  of 
my  pursuits  since  I  left  the  academy,  he  was  goo4  enough  to  say  that  he  knew  of  no  one  whose  opinion  he  would  value 
more  than  mine  in  respect  to  the  execution  of  an  iuteroceanic  canal. 

Having  consented  to  make  the  inspection,  at  the  request  of  General  Humphreys,  I  was  invited,  as  a  civil  engineer, 
by  the  Secretary  of  the  Navy,  to  inspect  the  routes  designated.  The  position  was  honorary ;  no  compensation  was 
proposed,  the  reason  assigned  being  that  no  appropriations  existed  for  the  purpose,  and  an  adequate  compensation  to 
H.  Ex.  107 26 
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competent  engineers  was  not  within  the  means  of  the  Department,  but  vessels  of  war  would  convey  the  party,  which 
I  was  invited  to  join,  and  our  actual  expenses,  subsistence,  etc.,  would  be  provided  by  the  Navy  Department. 

Under  these  conditions,  I  passed  over  the  Nicaragua  route,  under  the  guidance  of  Commander  Lull  and  Civil 
Engineer  Monocal,  U.  S.  N.,  who  had  made  the  surveys.  I  passed  over  the  Lajas  route,  lying  between  the  lake  and 
the  Pacific ;  also  the  Rio  del  Medio  route.  No  surveys  had  been  made  at  that  time  that  assured  the  ready  diversion 
of  the  headwaters  of  the  Rio  Grande  into  the  lake,  which  have  since  been  made.  This  establishes  excellent  surface 
drainage,  and  reduces  the  cost  of  the  canal  very  considerably  by  the  substitution  of  the  Lajas  route,  now  much  prefer- 
able to  the  other. 

Regarding  the  whole  route  from  ocean  to  ocean,  on  a  careful  examination,  aided  by  the  surveys  in  passing  along, 
I  was  struck  with  the  ease  and  facility  of  execution,  there  being  not  one  engineering  difficulty,  unless  it  be  at  the 
harbor  of  Greytown,  which  in  itself,  as  compared  with  many  harbors  that  have  been  made,  imposes  little  relative  dif- 
ficulty of  construction  and  maintenance.  When  at  that  point,  without  any  previous  discussion  of  the  subject  with 
the  engineer,  I  defined  the  locality  tbat  I  would  select  for  operations,  which  fully  coincided  with  his  own. 

I  have  no  hesitation  in  expressing  the  opinion  that  after  the  work  is  fairly  begun,  four  years,  such  as  the  seasons 
furnish  in  Nicaragua,  should  open  the  canal  for  transit  from  ocean  to  ocean ;  also  that  there  is  nothing  in  the  work 
that  should  make  the  cost  of  the  work  extraordinary,  or  that  is  not  fairly  calculable  in  advance,  and  that  is  not  pre- 
sented in  the  estimates  b^  Civil  Engineer  Menocal.  I  hope,  therefore.  Congress  will  do  all  in  its  power  to  promote  the 
execution  of  the  work.  It  is  eminently  practical,  of  great  importance  to  our  local  traffic  between  onr  Atlantic  and 
Pacific  coasts,  and  not  less  important  to  us  in  establishing  ourselves  predominantly  on  the  west  coast  of  South  Amer- 
ica, and  on  the  Isthmus  itself,  the  population  and  productions  of  which  will  increase  enormously. 

Should  the  committee  desire  any  special  explanation  in  relation  to  the  route,  or  as  to  matters  of  construction  of 

the  canal  from  me,  I  will  appear  at  any  specified  time,  but  feel  assured  that  it  can  rely  fully  upon  the  explanations 

and  statements  of  Captain  Lull  and  Mr.  Menocal,  both  of  whom  are  competent  and  reliable  in  every  sense  of  the  word. 

JACOB  AMMEN. 
Bkltsville,  Md.,  April  15, 1882. 


Appendix  to  Mr.  Phelps's  Argument. 

(1.)  .      , 

opinions  op  shipbuilders. 

*'  I  am  in  receipt  of  your  communication,  and  in  reply  I  have  to  say  that  in  my  opinion  a  ship  or  steamer  of  large 

dimensions  cannot  in  safety  be  taken  out  of  the  water  with  cargo  on  board,  as  there  would  be  great  danger  of  injury 

to  the  hull,  and  consequently  cannot  be  safely  transported  with  cargo  on  a  ship  railway. 

**  Very  respectfully, 

"JOHN  ROACH.'' 

William  H.  Webb,  esq.,  the  celebrated  shipbuilder,  concurs  in  this  opinion. 

The  Harlan  Sc  Hollinsworth  Company,  of  Wilmington,  Del.,  say : 

"  If  the  foundations  of  the  railroad,  having  six  tracks,  coald  be  made  anbstantialt  so  as  not  to  yield  under  the 
immense  weight  of  a  loaded  ship,  we  believe  that  a  cradle  could  be  constructed  to  receive  the  ship  and  transport  it 
the  distance  named  without  injury.  But  to  do  so  the  ship  would  have  to  be  constructed  specially  for  such  service, 
having  such  peculiarity  of  construction  as  would  permit  such  handling  without  fear  of  injury.  The  ordinary  wooden 
vessel  of  to-day  would  hardly  venture  upon  such  a  journey  overland;  neither  would  underwriters  take  the  risk  of 
damage  unless  vessels  were  prepared  for  such  service. 

«  *  «  «  «  «  * 

"We  have  read  very  carefully  the  letters  written  by  Admiral  Ammeu  to  Mr.  King.  We  think  he  has  left  Very 
little  to  be  said  hereafter,  as  he  has  covered  the  ground  fully." 

The  Pusey  Jones  Company,  of  Wilmington,  Del.,  say  : 

"So  far  as  relates  to  injury  resulting  to  the  vessel  itself  from  being  raised  from  the  water  while  loaded,  opinions 
will  differ.  A  new  strongly-built  iron  ship  might  endure  this  without  damage,  but  in  our  opinion  the  element  of 
danger  of  sustaining  serious  damage  while  being  transported  under  such  condition  would  be  regarded  by  the  average 
ship's  owner  as  a  risk  which  he  would  not  be  warranted  in  taking ;  and  we  are  further  of  opinion  that  underwriters 
would  share  the  ship-owner's  views. 

"In  so  far  as  the  element  of  danger  of  sustaining  damage  relates  to  wooden  ships,  or  iron  ones  whose  plates  have 
become  thinned  by  age,  the  carriage  proposed  would  be  simply  destruction. 

"However  well  a  ship  might  stand  the  strain  of  being  quietly  docked  with  a  heavy  cargo  on  board,  the  fact 
could  hardly  be  used  as  an  argument  that  she  could  be  safely  transported  while  so  raised  from  the  water ;  the  dynamic 
effect  of  the  load  and  of  the  boilers  and  machinery  would  be  an  element  of  danger  that  only  extraordinarily  strongly- 
built  ships  could  resist,  and  very  probably  even  these  would  not. 

"As  to  the  uniform  solidity  of  the  road-bed  necessary  to  safety  of  transportation,  we  are  of  opinion  that  in  a 
country  so  subject  to  heavy  falls  of  rain  as  is  that  of  the  one  on  which  it  is  proposed  to  make  the  road,  the  problem 
presented  is  so  difficult  as  to  be  scarcely  capable  of  solution. 
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• 

"Finally,  we  think  the  whole  question  of  a  ship-railway,  as  proposed,  is  so  full  of  grave  and  scarcely  surmonnt- 
able  difficulties  that  it  is  scarcely  worth  consideration/' 

T.  F.  Rowland,  esq.,  Continental  Works,  New  York,  says : 

"  I  have  some  crude  notions  as  to  the  best  method  of  moving  large  and  heavy  bodies,  and  feel  certain  that  '  car- 
riage on  wheels '  cannot  be  so  classified,  althongh  it  may  be  theoretically  possible  to  equally  distribute  the  weight  of  a 
moving  body  upon  any  desired  number  of  supports,  practically  it  is  almost  a  mechanical  impossibility  to  do  so.  A  four- 
wheeled  vehicle  will  equally  load  each,  but  if  another  pair  of  wheels  be  added  they  will  carry  the  whole  load  or  no  part 
of  it,  as  the  road  varies  more  or  less  from  a  perfect  plane.  In  cars  and  locomotives  eight  wheels  in  place  of  four  are 
desirable,  but  experience  has  proved  they  must  be  grouped  in  trucks,  or  harnessed  with  springs,  equalizing  bars,  or 
other  devices,  in  order  that  in  effect  the  load  must  rest  upon  four  points  only.  The  car  and  locomotive  are  strong 
enough  for  this  treatment,  but  not  so  the  ship,  whose  shape,  strength,  and  general  make-up  demand  conditions  of 
support  which  can  best  be  obtained  by  being  water-borne,  and  cannot  otherwise  without  more  or  less  injury  to  the 
structure.  So  it  happens,  when  it  becomes  necessary  to  dry -dock  or  haul  a  ship,  great  judgment,  care,  and  labor  are 
demanded  to  know  when  and  how  to  tighten  or  loosen  the  supports,  and  to  perform  the  operation  without  seriously 
injuring  the  vessel.  So  much  so  is  .this  the  case  I  think  it  may  be  safely  assumed  that  few  vessels  are  dry-docked  with- 
out sustaining  more  or  less  permanent  injury.'' 

The  Atlantic  Works  of  Boston  say : 

"  Our  positive  ignorance  of  this  matter  throughout  forbids  our  expressing  any  opinion  at  length.  It  does  not 
seem  to  us  a  feasible  plan,  and  we  do  not  believe  it  will  ever  be  accomplished.  Were  it  not  that  Captain  Eads  has 
already  *done  wonderful  things'  we  should  not  hesitate  to  declare  this  scheme  \m.'po%9\\iiU  of  execution." 

Opinion  of  C.  H.  Mallory,  esq.,  a  former  shipbuilder,  ship-captain,  and  now  a  large  ship-owner: 

"Your  favor  of  the  20th,  asking  for  an  expression  of  our  opinion  of  the  practicability  of  transporting  loaded 
ships  over  a  railroad  100  miles  *  without  being  water-borne '  is  received*  #  •  •  ^^^  have  given  some  thought  to 
this  matter,  and  have  believed  it  impossible  to  transport  a  loaded  ship  over  miles  of  railroad  in  a  cradle  without  being 
water-borne  without  great  damage  to  the  ship. 

"It  is  considered  highly  dangerous  to  take  a  loaded  ship  out  of  water  on  one  of  our  sectional  or  balance  dooks, 
and  it  is  the  rule,  and  it  is  required  by  underwriters  in  most  instances,  that  the  cargo  in  whole  or  part  shall  be  dis- 
charged.   It  appears  to  me  that  an  iron  ship,  loaded  with  heavy  cargo,  transported  on  a  railroad  over  100  miles  (how- 
ever smooth)  without  being  water-borne  or  some  equivalent  would  be  very  apt  to  require  an  entire  new  fastening  of 
rivets  before  launching  again." 


(2.) 

BADS'S  PLAN — PRACTICAL  VIEWS  ON  THE  PROPOSED  ISTHMUS  RAILWAY. 

Philadelphia,  January  28,  1881. 
To  the  Editor  : 

'  I  notice  that  Captain  Eads  has  made  a  proposition  to  build  a  ship-railway  across  the  Isthmus  to  carry  ships 
loaded  with  their  cargoes,  and  I  beg  herewith  to  say,  as  a  practical  shipbuilder,  that  such  a  proposition  is  nothing 
more  than  a  delusion  upon  our  people.  I  have  built  over  one  hundred  ships,  some  of  them  the  largest  sailing  ships 
in  the  world,  and  it  is  with  the  greatest  care  that  all  shipbuilders  are  compelled  to  lay  the  keels  and  see  that  the 
foundations  for  the  launching  ways  have  the  very  best  possible  bearing  that  can  be  devised,  so  that  the  vessel  can  be 
launched  with  safety,  without  injury  to  the  hull,  when  sliding  a  distance  of  only  one  and  one-half  times  its  own 
length. 

I  also  notice  that  our  Grovernment  has  been  asked  and  it  is  thought  that  it  will  indorse  the  measure  by  guaran- 
teeing some  $50,000,000.  Before  any  enormous  expenditures  are  made  it  would  be  well  to  pause  and  consider  what 
we  are  to  receive  for  our  money  after  the  work  is  done  and  what  are  the  benefits  arising  from  it.  Is  the  scheme  a 
practical  or  a  theoretical  one  f  Speaking  for  myself— and  I  claim  to  speak  from  a  practical  stand-point,  backed  by 
years  of  experience  in  handling  ships — I  am  free  to  say  that  I  believe  the  enterprise  a  delusion,  and  there  is  not  a  single 
naval  constructor  or  engineer  in  the  Government  employ,  who  lays  any  claim  to  practicability,  who  would  be  willing 
to  indorse  such  a  scheme,  or  stake  his  official  reputation  upon  the  success  of  any  scheme  requiring  the  carrying  of  a 
vessel,  with  her  cargo,  100  miles  overland,  when  it  is  a  well-settled  rule  among  them  all  to  prefer  to  sail  a  vessel 
thousands  of  miles  rather  than  launch  her  300  feet  with  only  her  own  weight  (no  cargo)  upon  the  ways.     *    *     • 

NATHANIEL  McKAY. 


(3.)        . 

The  Atlantic  Works,  Builders  of  Iron  ai«>  Wooden  Steamships, 

Ea»i  Boston,  February  10,  1881. 
Dear  Sir  :  Replying  to  yours  of  the  31st  ultimo,  in  our  opinion  the  railroad  project  will  never  be  carried  out, 
for  the  simple  reason  that  it  is  not  practicable  and  cannot  accomplish  the  results  claimed. 
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The  opinions  expressed  by  Mr.  Nathaniel  McKay,  in  his  article  in  the  American  Ship,  is  just  our  opinion  regarding 

the  railway. 

As  to  the  canal,  while  we  confess  ignorance  as  to  details,  we  have  no  doabt  of  the  feasibility  and  the  beneficial 

results  of  its  construction. 

Very  truly  yours, 

Atlantic  Works^ 

ALFRED  E.  COX,  Jr. 
Rear-Admiral  Daniel  Ammen,  U.  S.  N. 


^4.) 

Office  of  Delamater  Iron  Works, 

Neto  York,  February  11,  1881. 
Dear  Sir  :  Your  letter  of  January  31  was  duly  received  with  inclosures.  We  feel  the  subject  is  one  that  requires 
more  careful  investigation  than  we  have  been  able  to  give  the  subject.  We  have  read  the  articles  sent  us,  and  of 
course  much  other  matter  relating  to  this  subject.  We  have  never  believed  that  the  railroad  scheme  could  be  brought 
to  an  actual  issue.  We  believe  no  private  capital  could  be  had  for  such  a  purpose.  As  large  owners  of  steam  vepsels, 
we  should  not  allow  a  steamer  loaded  with  cargo  to  be  taken  out.  Of  course  we  recognize  that  such  a  feat  can  -be 
done,  as  it  is  only  a  question  of  expense;  but  the  expense  would  in  our  minds  be  entirely  prohibitory.  We  have 
lately  had  experience  with  auxiliary  power  to  sail  vessels,  fitting  out  three  whalers,  all  eminently  successful.  We  are 
led  to  remark  this  from  a  remark  in  one  of  your  articles  relating  to  sail  vessels  iu  canal.  We  think  this  subject  one 
to  be  elaborated  on  in  connection  with  the  canal  scheme.  We  have  looked  upon  the  difficulty  of  building  either  canal 
or  railroad  as  so  serious  as  almost  to  preclude  the  carrying  out  of  either  scheme. 

We  decidedly  favor  the  canal  over  the  railroad  scheme,  and  it  seems  to  us  that  there  can  be  but  one  opinion  as 
to  the  benefits  to  the  commerce  of  the  world,  and  to  that  of  our  own  couutry  particularly. 
Yours  very  respectfully, 

C.  H.  DELAMATER  &  CO. 
Daniel  Ammen,  Esq.,  Bear-Admiralf  XJ.  S,  Nany, 

The  above  expressions  of  opinion  comprise  those  of  all  the  firms  iu  our  couutry,  except  one,  which  construct 
large  iron  ships,  and  that  exception,  it  is  well  known,  is  not  due  to  any  difference  in  views,  Messrs.  William  Cramp  & 
Sons  having  expressed  themselves  very  freely  against  the  idea  of  ship  transportation  by  rail.  Their  experience  in 
attempts  to  take  loaded  vessels  out  on  marine  ways  would  be  highly  instructive  to  Captain  Eads. 


(5.) 

OPINIONS  OF  UNDERWRITERS, 

J.  Parker,  esq.,  of  New  York,  writes  as  follows: 

In  all  my  exx>erience  during  the  last  fifteen  years  as  an  underwriter's  surveyor,  and  in  my  present  capacity  as  a 
manager  of  a  book  of  classification,  I  have  never  known  a  vessel  to  be  docked  with  her  cargo  in,  except  for  the  pur- 
pose of  raising  her  slightly  in  order  to  reach  a  leak  a  little  uuder  water.  No  dock-master  would  consent  to  raise  a 
vessel  laden  with  the  cargoes  that  are  likely  to  be  sent  hence  to  San  Francisco,  or  thence  through  a  ship  canal,  through 
a  railway  over  the  Isthmus  of  Darien,or  Captain  Eads's  proposed  route;  and  I  am  very  decidedly  of  the  opinion  that 
no  vessel  so  laden  could  safely  be  taken  across  such  a  railway,  and  then  sent  upon  an  ocean  voyage.  Certainly  she 
could  not  be  unless  a  new  style  of  naval  construction  were  first  adopted. 

As  to  the  general  subject,  I  suppose  that,  in  the  face  of  the  experience  of  the  Suez  Canal,  and  the  vast  saving 

of  time  and  distance  worked  out  by  that,  no  one  can  doubt  that  a  ship  canal  through  the  Isthmus,  or  Nicaragua, 

would  be  a  vast  benefit  in  every  way  to  the  commerce  of  this  country,  and  to  the  nations  generally.    I  do  not  believe 

it  would  revive  our  commerce,  or  rather  our  mercantile  marine ;  that  will  never  be  revived  until  the  burdens  it  has 

to  bear,  from  which  the  marine  of  all  other  nations  are  exempt,  are  taken  off,  but  it  will  of  course  give  additional 

advantages  to  the  few  vessels  that  now  fly  our  flag,  and  are  confined  to  the  coasting  trade^ 

Yours  very  truly, 

-        J.  PARKER, 

Secretary, 


(6.) 

OPINIONS  OF  ENGINEERS. 

William  J.  McAlpine,  esq.,  second  to  no  civil  engineer  in  this  country,  wrote  that  he  regarded  the  Eads  scheme 
quite  as  visionary  as  M.  de  Lesseps's  canal  at  the  ocean  level,  and  that  he  would  discuss  the  subject  without  delay. 
Since  that  time  illness  has  confined  him  to  his  bed,  and  so  far  delayed  his  expressed  intention.    His  opinion  has 


) 
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special  value,  as  he  has  full  professional  knowledge  of  the  ground,  having  recently  spent  months  examining  and 
locating  the  best  lines  for  railway  between  the  oceans. 

New  York,  June  3, 18dl. 

Dear  Sir  :  While  returning  from  Mexico,  and  on  the  steamer,  I  wrote  a  paper  in  which  I  thoroughly  examined 
the  Eads  scheme  of  a  ship  railway  across  the  Isthmus  of  Tehnantepec. 

I  had  then  Jast  finished  an  exploration  of  the  route  which  Mr.  Eads^s  engineers  had  selected  for  his  ship-railway. 

This  paper  was  sent  to  a  gentleman  in  Mexico  with  a  view  to  have  it  laid  before  the  Qovernment. 

I  iutend  to  rewrite  Inis  paper  for  use  before  the  Congress  of.  the  United  States,  and  would  be  glad  of  any  informa- 
tion  or  facts  touching  this  subject  which  you  may  have  collected,  and  upon  which  I  can  comment  in  my  paper. 

In  your  recent  letter  you  speak  of  havin);(  obtained  the  opinions  of  all  of  the  leading  shipbuilders  in  the  United 
States  (except  one)  condemning  this  scheme.    I  would  be  obliged  to  you  for  a  copy  of  one  or  more  of  these  opinions. 

In  my  paper  I  have  described  from  personal  surveys  the  route  which  his  engineer  has  selected,  and  have  spoken 
of  the  enormous  cost  and  difficulty  of  carrying  his  roadway  across  the  deep  swamps  of  one-half  at  least  of  the  first 
60  miles,  from  near  Minititlan ;  of  the  rough  country  of  the  mountain  section  over  which  his  line  must  pass,  crossing 
numerous  streams  (tributaries  to  the  Cortez  River),  and  the  repeated  changes  of  grades  and  lines  rendered  necessary 
thereby ;  of  the  south  descent  of  the  Sierra  Madre  slope  (500  feet  in  4  miles),  and  of  the  equally  costly  and  difficult 
cutting  through  of  the  Coast  range;  of  the  difficulty  of  vessels  descending  into  the  constant  turbulent  Pacific  (f)  sea; 
of  the  mechanical  impossibility  of  at  all  times  equally  distributing  the  weight  of  the  ships,  cargo,  and  cradle  on 
1,200  wheels  over  six  ordinary  railroad  tracks,  so  that  sometimes  a  hundred  or  less  number  of  wheels  must  carry  the 
whole  load,  and  hence  that  the  substructure  must  be  immensely  stronger  than  any  railroad  ever  built ;  of  the  cost  of 
the  United  States  dry-dock  at  Brooklyn  as  an  example,  its  foundation  to  support  only  3,000  tons  on  firmer  ground, 
cost  more  than  at  the  rate  of  $500,000  a  mile ;  of  the  inequalities  of  the  surface  of  the  rails  of  the  best-built  railroads 
ni  the  world,  causing  constant  concussions  with  the  maximum  weight  of  forty  tons,  and  would  be  multiplied  by 
weights  of  five  thousand  to  ten  thousand  tons,  sufficient  to  destroy  almost  any  track  that  could  be  built  (the  concus- 
eive  etfect  being  as  125  or  250  to  1),  hence  a  speed  of  not  exceeding  one  mile  an  hour  would  be  necessary,  or  one  hun- 
dred and  fifty  hours  for  crossing  the  Isthmus;  of  the  difficulty,  impossibility,  of  supporting  a  ship  out  of  her  element 
by  shores  which  would  only  sustain  the  places  where  they  were  inserted,  while  at  sea  the  ship  has  identically  the  same 
support  (displacement)  at  every  instant  of  time,  no  matter  how  rough  the  sea  may  be ;  of  the  tropical  hurricanes 
which  prevail  on  the  Isthmus,  when  the  whole  broad-side  of  the  ship,  from  her  keel  to  her  bulwarks,  is  exposed  to  the 
gale ;  that  is,  twice  as  much  surface,  besides  top-hamper,  as  when  afloat,  and  that  the  center  of  gyration  (turning) 
when  afloat  is,  say  4  to  8  feet  below  the  surface  of  the  water,  but  on  the  ship-railway  is  5  to  10  feet  helow  the  keelf  so 
that  these  hurricanes  have  twice  the  leverage  to  capsize  the  vessel,  and,  with  double  the  area  exposed,  the  hurricane 
has  four  times  the  power  to  overturn  her;  of  the  necessity  of  stopping  at  each  change  of  grade  or  line  to  move  the 

ship  and  cradle  by  turn-table,  &c.,  producing  delays  greatly  more  than  locks  would  cause. 

•  *»«  #  «  »  •  « 

I  write  from  recollection,  and  only  give  you  these  points  to  show  the  line  of  my  argument. 

In  great  haste,  I  am,  very  truly  and  reep'y  yours, 

WM.  J.  McALPINE. 
Admiral  Daniel  Ammen,  Washington, 

Lieutenant-Commander  Gorringe  says: 

''However  successful  Captain  Eads  may  be  in  moving  a  laden  ship  across  such  a  distance  over  such  varying 
grades,  the  ship  would  not  float  on  reaching  the  point  whjere  the  floating  would  be  a  matter  of  some  importance. 
*  *  *  The  jarring  in  motion,  no  less  than  the  development  of  strains  not  provided  for  in  ship  construction,  must 
inevitably  open  every  seam  and  cause  every  rivet  to  leak." 


(7.) 

East  Wareham,  Mass.,  February  10,  1881. 
My  Dear  Sir:  You  ask  my  opinion  on  Captain  Eads's  project  for  a  ship-railway  across  the  Isthmus,  as  you  think 
I  ought  to  know  something  0n  the  subject  from  having  had  charge  of  the  construction  of  railways,  both  marine  and 
others,  and  not  a  little  experience  in  canal-building.  The  first  difficulty  that  presents  itself  to  my  mind  in  the  case 
is  the  utter  impossibility  of  transporting  a  loaded  sea-going  vessel  of  any  considerable  size  for  any  distance  over  land 
with  safety  without  such  an  expenditure  of  time  and  money  as  would  make  the  operation  perfectly  useless  for  practi- 
cable purposes,  unless  Captain  Eads  has  discovered  some  method  hitherto  unknown  and  yet  unpublished  for  over- 
coming well-known  physical  laws.  It  is  well  understood  by  all  ship-builders,  ship-owners,  and  ship-masters  that*a 
loaded  vessel  cannot  be  hauled  out  of  water  with  perfect  safety  on  our  best-constructed  marine  railways,  even  where 
the  speed  is  so  slow  as  to  be  hardly  discernible;  not  one  vessel  in  ten  of  our  merchant  marine  will  bear  the  strain  and 
jar  to  which  they  are  subjected ;  hence  it  is  never  done,  except  in  cases  of  the  greatest  emergency ^  and  it  is  always  an  expensive 
operation.  Many  instances  can  be  given  where  unloaded  vessels  have  been  seriously  ii^ured  from  being  hauled  out  on 
a  marine  railway,  and  innumerable  are  the  instances  where  the  calking  has  been  started  and  seamtf  opened  from  the 
inequality  of  the  strain  on  the  different  parts  of  the  vessel.    I  once  had  a  small  vessel  hauled  out  on  a  railway  at  New 
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Bedford ;  on  being  launched  the  calking  started  from  one  of  the  Heams,  making  it  necessary  to  beach  the  vessel  to 
keep  her  from  filling  with  water ;  and  a  similar  case  happened  to  me  in  Chesapeake  Bay.  It  is  considered  dangerons 
for  a  loaded  vessel  to  take  ground,  even  under  the  most  favorable  circumstances.  A  nearly  new  and  well-built  vessel 
belonging  to  this  town  was  seriously  injured  last  year  from  grounding  while  coal- laden  at  a  Boston  wharf,  though  the 
wharf  had  been  prepared  for  the  reception  of  such  vessels,  and  all  danger  from  grounding  supposed  to  be  provided 
against.  It  is  inferred  by  some,  from  the  fact  that  loaded  small  boats  are  carried  with  safety  on  railways  over  inclined 
planes,  that  therefore  vessels  of  any  size  can  be  transported  on  a  railway,  there  being  merely  a  difference  of  cost  in 
the  case.  In  1851 1  had  charge  of  the  reconstruction  of  four  of  the  inclihed  planes  on  the  Morris  Canal,  in  New  Jersey, 
and  know  something  of  their  construction  and  operation.  The  canal  was  used  as  far  as  was  possible,  and  the  inclined 
planes  put  in  only  when  great  differences  of  levels  were  to  be  overcome  in  a  short  distance.  This  is  a  vast  difference 
between  building  a  railway  for  carrying  a  flat-bottomed  canal-boat  of  100  tons  burden  and  four  feet  draught  of  wat«r 
and  one  for  a  sea-going  ship  of  2,000  or  3,000  tons  burden,  with  a  draught  of  from  18  feet  to  24  feet  of  water.  Certainly 
no  comparison  favorable  to  a  ship- rail  way  can  be  made  between  them  ;  it  might,  possibly,  suggest  the  use  of  inclined 
planes  instead  of  locks  where  water  was  scarce,  a  great  saving  of  distance  made,  and  vessels  to  be  built  expressly  for 
the  purpose. 

The  grading  and  superstructure  for  a  railway  of  sufficient  strength  to  sustain  the  weight  of  a  3, 000- ton  ship  must  cost  mor0 
to  begin  with  than  a  canal  of  equal  capacity ^  and  the  cost  of  keeping  it  in  repair  would  be  far  greater  than  that  of  keeping 
the  canal  in  repair.  It  must  be  perfect  in  its  construction,  beyond  the  possibility  of  getting  out  of  order  from  any 
cause,  even  a  change  of  temperature.  The  car  or  cradle  in  which  the  vessel  is  carried  must  be  so  devised  as  to  give 
the  vessel  as  perfect  bearing  as  in  the  water;  all  jars  must  be  provided  against;  the  weight  must  be  so  distributed 
among  the  car- wheels  that  they  cannot  break,  as  an  accident  in  course  of  transit  from  a  broken  wheel  or  derailment 
would  be  ruinous  to  the  enterprise. 

Now,  when  all  this  is  satisfactorily  done,  the  question  of  the  power  required  to  move  this  great  weight  with  any 
Considerable  speed,  and  how  it  shall  be  applied,  presents  itself  and  we  are  at  once  oonfrt>nted  with  the  fact  that  ships 
often  stick  on  the  ways  in  launching  and  are  moved  down  grade  with  difficulty,  noticeably  in  the  case  of  the  Great 
Eastern,  where  every  emergency  was  supposed  to  be  provided  for  by  the  best  engineering  talent.  Though  there  has 
been  no  positive  limit  yet  put  to  the  weight  that  can  be  moved,  it  must  be  done  at  a  very  slow  rate  when  more  than 
a  comparatively  few  tons  are  in  one  body. 

These  considerations  are  conclusive  to  my  mind  against  the  economic  practicability  of  Captain  Eads's  project, 

and  why  the  nation  should  not  assist  him  in  its  demonstration  any  more  than  it  should  any  person  who  should  propose 

to  carry  a  ship  across  the  Isthmus  in  a  balloon. 

Very  truly  yours, 

A.  SAVAKY,  Civil  Engineer, 
Hon.  John  Conness. 


(8.) 

Washington,  D.  C,  March  12,  1881. 
Capt.  8.  L.  Phelps: 

Having  been  interested  in  the  working  of  the  caisson  at  the  outlet  lock  of  the  Chesapeake  and  Ohio  Canal,  above 
Georgetown,  D.  C,  for  some  time,  my  attention  being  first  called  to  it  by  the  necessity  for  a  favorable  solution  of  the 
problem  as  to  introducing  canal-boats  from  the  canal  to  the  river,  in  1876  a  "constructing  engineer"  and  myself  went 
over  the  work,  but  arrived  at  the  conclusion  that  the  best  means  had  not  yet  been  attained,  which  subsequent  events 
seemed  to  prove.  The  gearing,  not  being  ada](>ted  to  the  heavy  strain,  gave  way,  causing  the  death  of  at  least  one, 
and  I  think  more,  of  the  employ^. 

My  attention  has  been  again  drawn  to  the  matter,  since  the  proposed  construction  of  a  ship-railway  on  the 
Isthmus. 

I  have  taken  some  pains  to  have  the  verdict  of  our  steam-tug  and  canal  boatmen,  who  are  most  interested,  and 
below  have  given  their  testimony,  generally  in  their  own  words,  prefacing  the  statements,  however,  with  the  size  and 
weight  of  the  caisson,  which  is  112  by  15  feet,  and  weighs,  when  filled  with  water,  400  tons : 

Capt.  A.  C.  Wilkinson,  of  the  steamer  W.  Moore,  says  that  a  perfectly  new  boat  may  stand  the  strain,  but  an  old 
boat  never  leaves  the  tank  without  sustaining  such  damage  as  to  cause  her  to  loak  badly  ;.that  he's  afraid  to  go  in  the 
tank,  now  that  they  take  the  water  out  and  let  the  boat  down  on  the  bottom  of  the  tank,  straining  her  and  opening 
all  her  butts.  He  has  seen  the  rails  chewed  up  like  so  much  paper  by  the  truck  wheels,  and  men  replacing  the  worn 
rails  almost  every  night,  though  the  rails  were  much  heavier  than  common ;  that  the  track  settled  badly,  except  in 
the  part  where  it  was  solid  stone  masonry  under  the  whole  track ;  that  is,  irom  side  to  side.  He  thinks  they  have  pnt 
stone  under  every  portion  of  it  during  the  past  winter ;  is  sure  that  is  the  only  way  to  prevent  the  heavy  weight  from 
sinking  right  down  (and  yet  this  is  only  400  tons  distributed  over  112  by  16  feet.) 

The  steamer  Ludlow  Patten  always  leaks  terribly  after  going  in  the  caisson.  She  sprung  two  of  her  deck  beams 
last  season,  and  would  not  go  into  the  river  that  way,  if  there  was  water  enough  in  Rock  Creek. 

Canal-boat  Nathan  Williams,  Captain  Zimmerman,  always  leaks  after  going  into  the  tank  with  a  load ;  doen  not 
suffer  when  going  up  light,  as  then  the  tank  is  filled  ^ith  wat-er.  Canal-boat  Blue  Bell,  Captain  Russell,  and  several 
others,  make  the  same  report. 
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Canal-boat  Johnson,  Capt.  Milliard  Engle,  though  comparatively  a  new  boat  (this  being  her  first  season),  yet 
shows  the  strain ;  her  deck-plank  butts  gaping  wide  open  every  time  she  enters  the  tank  with  a  load. 

Canal-boat  F.  W.  Winthrop  suffers  terribly  every  time  she  goes  into  the  tank  with  a  load.  The  captain  wishes 
the  old  tank  was  out  of  the  way.     He  is  afraid  every  time  he  enters  it,  except  when  he  is  empty. 

Capt.  James  Christy,  tug-boat  Major,  says  he  has  towed  many  of  the  canal-boats  from  the  caisson  to  Georgetown, 
and  never  heard  one  of  the  captains  speak  in  its  praise ;  on  the  contrary,  all  condemn  it,  and  many  say  they  are  afraid 
of  it  when  they  go  in  loaded.  He  heard  that  last  year  a  boat  was  so  badly  injured  that  she  sunk  immediately  after 
leaving  the  caisson. 

Capt.  T.  Milstead,  tug-boat  A.  P.  Gorman,  says  he  has  towed  a  large  number  of  canal-boats  from  the  incline  to 
Georgetown  and  back ;  does  not  remember  to  have  heard  many  captains  praise  it,  but  has  heard  almost  all  say  they 

were  afraid  of  it.    He  towed  the  canal-boat  Kennah  in  December,  1880.    She  was  injured  so  badly  that  he  saw  she 

was  settling  directly  she  came  out  of  the  caissiou,  and  he  ran  her  ashore  as  soon  as  he  could,  when  she  sunk. 

Yours  truly, 

J.  H.  HALL. 


(9.) 

United  States  Engineer  Office, 
26  Waahington  Avenue,  Deiroity  Mich,,  July  14,  1879. 

My  Dear  Davis  :  I  have  received  your  letter  of  the  8th  instant.  I  expect  to  be  able  to  pass  a  single  vessel 
through  the  new  lock  at  Saint  Mary's  Falls  Canal,  when  everything  is  in  good  working  order,  in  11  minutes,  as  fol- 
lows, viz : 

Minates. 

Entering  lock  chamber 1^ 

Closing  gates ^ 1 

Filling  lock 6 

Opening  gates ». 1 

Leaving  lock  chamber 1} 

Total 11 

The  chamber  is  515  feet  long  and  80  feet  wide,  except  at  the  gates,  where  it  is  reduced  to  60  feet  in  order  tu 
diminish  the  size  and  weight  of  the  gates.    There  is  a  single  lift  of  18  feet. 

The  gates  of  the  old  locks  are  operated  by  very  primitive  methods  and  by  hand.  The  chambers  are  350  feet  long 
and  70  feet  wide.  There  are  two  lifts  of  9  feet  each.  Thirty-seven  vessels  have  been  passed  through  the  locks  in 
twenty- two  lockages  in  twenty-two  hours. 

The  chambers  of  the  new  locks  of  the  Louisville  and  Portland  Canal  are  372  feet  long  and  80  feet  wide.  There 
are  two  lifts  of  14  and  12  feet.  The  gates  are  very  heavy.  One  leaf  of  the  middle  gate  weighs  over  90  tons.  The 
machinery  for  operating  the  gates  is  worked  by  hand.  Yet  we  have  made  twenty-nine  lockages  in  twenty-one  and  a 
quarter  hours.  I  am  now  applying  engines  to  each  capstan,  and  will  operate  these  engines  by  compressed  air.  I  also 
have  commenced  rebuilding  the  gates  in  order  to  get  them  lighter.     «     •    • 

There  is  no  other  ship-canal  at  just  such  a  place  as  this  one,  and  no  other  ship-canal  can  be  compared  to  it  on 
account  of  the  immense  quantities  of  silt. 

The  new  lock  of  the  Saint  Mary's  Falls  Caual  is  the  largest  canal  lock  in  the  world.  There  is  a  dead  lock  in 
Liverpool,  between  the  north  basin  and  the  Canada  Dock,  which  is  100  feet  wide  and  500  feet  long. 

To  pass  the  Ville  de  Paris  through  a  lock  of  12  foot  lift  with  modern  improvements  would  require  about  eight 

minutes.  ^ 

Very  truly  yours, 

G.  WEITZEL. 
Major  George  W.  Davis,  Washingtonf  D,  C. 


(10.) 

United  States  Engineer  Office, 

26  Washingion  Avenue,  Detroit,  Mich,,  July  31,  1879. 
My  Pear  Davis  : 

*    *    *    As  far  as  my  time  has  permitted  (I  am  not  allowed  to  read  at  night),  I  have  looked  over  Mr.  MenocaPs 
designs  and  estimates.     His  design  appears  feasible.    His  estimates  are  close,  but  he  has«added  a  large  percentage  . 
for  contingencies. 

He  ought  to  increase  the  capacity  for  filling  and  emptying  the  locks,  so  as  not  to  take  more  than  from  six  to 

eight  minutes.    Each  lock  should  be  provided  with  guard  gates  on  each  end,  sp  that  they  can  be  pumped  out  for 

repair.    *    *     * 

Very  truly  yours, 

G.  WEITZEL. 
Major  G.  W.  Davis,  U.  S.  A.,  Woihington,  D,  C. 
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(11.) 

Office  of  W.  R.  Hutton,  Civil  Engineer^ 

46  Lexington  Street,  Baltimaret  March  24,  1881. 
My  Dbar  Admiral:  The  angle  of  inclination  of  the  incline  for  boats  above  Georgetown  is  6^  5(y,  or  a  rise  or 
fall  of  1  in  12.    The  connterweights  which  balance  it  slope  1  in  10. 

I  have  read  Eads's  paper  in  North  American  Review.  I  have  not  the  time  just  now  to  investigate  the  strains  in 
a  loaded  ship  on  his  railway,  as  ander  other  circamstances  I  would  do ;  but  his  paper  is  open  to  criticism.  He  refern 
to  the  canal-boat  incline,  but  no  comparison  can  be  made  between  that  work  and  his  project.  In  that  the  boat  was 
carried  In  water,  in  order  to  maintain  always  the  same  weight  in  the  caisson  independently  of  the  weight  of  the  boat, 
so  that  a  uniform  counterweight  would  always  balance  it  within  the  limits  permitted  by  the  friction  of  the  wheels, 
&c.  The  friction  has  been  so  far  beyond  anything  we  could  have  expected,  rendering  unnecessary  {^y  nice  balancing 
of  weights,  and  the  loaded  boats  which  do  not  vary  in  weight  more  than  ten  or  twelve  tons  (and  very  rarely  so  much), 
are  now  carried  down  resting  on  the  bottom  of  the  caisson,  the  light  boats  only  being  carried  afloat  in  about  20  inches 
of  water. 

Your  idea  of  the  effect  of  the  overhang  is  correct ;  only  the  pressure  upon  the  end  wheels  depends  upon  the 
8Hffne88  of  the  ship.    If  she  were  perfectly  rigid,  the  weight  would  be  evenly  distributed  over  all  the  wheels,  supposing 
perfect  workmanship.    The  more  flexible  the  ship  the  greater  the  pressure  on  end  wheels.    It  would  be  more  rational 
to  increase  the  number  of  supports  at  the  heaviest  part  and  diminish  whece  lighter. 
I  will  be  very  glad  to  see  Phelps^s  paper  when  published. 
Very  truly  yours, 

WM.  R.  HUTTON. 
Admiral  D.  Ammen,  WMhingtan, 


(12.) 

"Anchor"  Link 
Transatlantic,  Peninsular,  Mediterranean,  and  Oriental  Steamships, 

47  Union  Street,  Glasgow,  26th  February,  1881. 

Dear  Sir  :  We  duly  received  your  communication  under  date  of  12th  ultimo,  respecting  a  ship-railway  across 
the  Isthmus  of  Tehuantepec.  Such  a  scheme  as  you  refer  to  is  not  new  to  us.  A&  so  long  back  as  1849  it  was  freely 
discussed  both  in  Panama  and  San  Francisco.    The  principal  objections  made  to  the  scheme  were : 

1st.  The  difficulty  of  gradients. 

2d.  The  difficulty  of  maintaining  a  solid  foundation. 

3d.  The  enormous  weight  to  be  transported. 

4th.  The  difficulty  of  supporting  the  ship  with  a  full  cargo  on  board. 

5th.  The  enormous  cost  of  making  and  maintaining  such  a  railroad. 

The  principal  practical  difficulty,  in  our  opinion,  is  that  of  supporting  the  ship  so  that  she  may  not  be  strained 
during  the  journey  with  her  cargo  on  board — that  is  to  say,  with  ships  built  as  at  present — and  we  think  it  could  only 
be  done  by  placing  the  ship  in  a  trough  or  pontoon  filled  to  her  load  line  with  water,  so  that  she  might  be  almost,  if 
not  entirely,  afloat  all  the  time.  The  spaces  at  the  rim  and  entrance  could  be  paitly  filled  with  air  bags,  to  lessen  the 
quantity  of  water,  whereby  the  whole  weight  to  be  carried  would  be  lessened  to  that  extent. 

Taking  everything  into  consideration,  we  are  of  opinion  that  a  ship-canal  would  be  more  likely  to  succeed  as  a 
commercial  enterprise.  No  such  railroad  as  the  one  proposed  has  ever  been  constructed,  and  many  engineering  and 
mechanical  difficulties  would  doubtless  crop  up  in  the  progress  of  such  an  undertaking,  and  possibly  it  might  ulti- 
mately be  found  altogether  impracticable.    We  would  not,  therefore,  recommend  the  promotion  of  such  a  scheme. 

If  we  can  afford  you  any  other  necessary  information,  we  shall  be  glad  to  hear  from  you  when  you  so  require. 
We  are 

Yours,  very  respectfully, 

HENDERSON  BROTHERS. 
Rear-Admiral  D.  Ammen,  U.  S.  N.,  Washington,  U.  S,  A. 


(13.) 

I  have  seen  a  statement  made  in  connection  with  construction  of  the  Tehuantepec  Ship-Railway  that  no  earth- 
quakes occur  in  that  country.  I  was  a  member  of  the  Shufeldt  Surveying  Expedition  to  the  Isthmus  of  Tehuantepec, 
in  1870  and  71,  and  my  memory  distinctly  recalls  the  impressions  of  four  earthquades  that  occurred  there  during  our 
stay,  from  November  to  May.  The  first  was  felt  at  La  Chivela,  at  the  entrance  to  the  Chi  vela  Pass,  over  which  £ads 
proposes  to  take  his  railway.  In  the  early  part  of  February,  1871, 1  was  at  La  Venta  de  Chicapa,  the  guest  of  Sefior 
Don  Magneo.    While  sitting  at  the  supper  table  we  were  aroused  by  a  noise  which  threw  the  whole  village  into  con- 
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fnsioD.  Followiug  my  host,  we  were  soou  out  of  the  house  aucl  reached  the  gate  in  time  to  grasp  its  post,  and  waa 
thus  prevented  from  falling.  After  an  interval  of  about  a  miuute  another  shock  occurred,  and  the  ground  heaved 
decidedly.  We  went  back  into  the  house  after  it  was  all  over,  and  the  Don  examined  the  walls  and  found  them 
intact,  but  he  directed  my  attention  to  a  large  crack  which  traversed  the  entire  length  of  one  of  the  walls  of  his  motive 
adobe  house.  He  told  me  that  that  was  produced  by  a  very  severe  earthquake  which  had  occurred  some  time  pre- 
viously. I  have  lived  in  Japan  the  greater  part  of  three  years,  and  while  there  was  a  witness  to  nearly  one  hundred 
earthquake  shocks,  but  I  have  no  recollection  of  having  felt  one  harder  than  that  here  mentioned.  La  Venta  de 
Chicapa  is  situated  at  the  foot  of  the  Tarifa  Paas,  the  second  of  the  two  passes  mentioned  in  connection  with  the 
roadway.  The  two  other  earth(iuakes  took  place  while  we  were  in  the  mountains,  in  the  vicinity  of  Santa  Maria 
Chimalapa.  One  occurred  at'night,  and  so  twisted  the  hou.se  that  we  were  in  that  we  found  the  windows  and  doors 
jannned  the  next  morning. 

TH08.  H.  STREETS, 

1\  A,  Surgeon^  U,  S,  N, 


(14.) 

PRESSURES   UPON  THE   IHlIVING-WflEELS  OF   LOCOMOTIVES. 

[Taken  from  Appleton'g  Encyclopedia  of  Applied  Sciences,  edition  1880.] 

Pounda. 

Two  engines,  models  by  Grant,  each ; -.<  jq'  j^q^j 

One  engine,  ^                                                                                                                                          t  IoIgOO 

One  engine,  >models  by  Baldwin,  Mogul  included <  9,000 

One  engine,  >  .  ^11,000 

One  ensine,  I       a  a    ^     jj-     ^  ^                                                                                                       S  10,250 

One  ebline;  P°^«l«  ^y  """'^•«y - \  12;o00 

One  engine,  by  Danforth « 10, 804 

One  engine,  by  Frank ." 11,000 

One  engine,  by  Rogers 10, 000 

One  engine,  by  Mason ^ 11,000 

Average 10,550 

Or  in  tons 4. 7 


(15.) 
DIMENSIONS  AND  WEIGHT  OF  SOME  STEAMSHIPS. 


Name. 


Tokio  and  City  of  Peking. . . . 

Gennanic > 

Britannic ^ 

Gallia 

Arizona 

Egypt  

City  of  Berlin 

Servia 

City  of  Rome 

Longhirat 

Colon 

Bacentaur 

Felicia • 


^ 

o 

M  . 

-^•5    . 

a 

tfi  V 

«  . 

0-^ 

u 

9 

9 

> 

1-3 

o 

ft,    in. 

A 

423 

k 

455 



4:{0 

! 

450 
440 


o 
P^ 


age. 

9 

o   carry- 
capacity. 

• 

1 

00 

lacem 

*f4 

2 

2 

o 

Carg 
ing 

489 

513 

525 

...... 

546 

600 

285 

280 

282  3 

.... 

236 

ft- 

48 
45 


in.  ft.    in  J 
i    24    0  ' 


Owners. 


26  !     5, 000 

44  25  4,809 

45  4  I     26  I     5,100 

44  25  0       4.670 

45  36  5,491 
52  26  ,    8,500 

52  3       26           

36  2  I    22  6  I     2.093 

40  j    20        ; 

33  3  I    22  1,765 

31  16    5 


Tons. 
9,000 


Tom. 
4.050 


10,  000*     4, 300 


Pacific  Mail  Steamship  Company. 
White  Star  Company. 


8, 800    Cunarcl  Company. 

10,000     Guion  Company. 

9, 160  I . .     1  National  Company. 

11,050    ,  Inman  Company. 

13, 182  I    6,  500:;  Cunard  Company. 
13, 500t !  Inman  Company. 

4,310  ! I  English. 

3,740  I Pacific  Mail  Steamship  Company*. 

3,834  I ,  English. 


2,242 


Do. 


H.  Ex.  107 


■*  Obtained  from  the  builders'  scale  at  the  White  Star  othce,  New  York. 
t  Stuteil  by  builders,  Kai  rows  Shipbuilding  Cuiupauy. 
I  State«l  by  builderH,  Messrs.  J.  <fc  G.  Thomson- 

—27 
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(16.) 

TABLE  SHOWING  THE  EFFECTIVE   HAULING   CAPACITV  OF   ENGINES   OF  27  TONS  WEIGHT. 
*  [See  Appleton'8  Encyclopedia  of  Applied  Science,  edition  1880.] 

Tona. 
For  level  grade 729  to  892 

For   10  feet  per  mile  ascending  grade 469  to  626 

For   20  feet  per  mile  ascending  grade 343  to  454 

For   30  feet  per  mile  ascending  grade 268  to  358 

For   40  feet  per  mile  ascending  grade 218  to  292 

For   50  feet  per  mile  ascending  grade 183  to  244 

For   70  feet  per  mile  ascending  grade 137  to  184 

For  100  feet  per  mile  ascending  grade 97  to  130 

For  120  feet  per  mile  ascending  grade 79  to  106 


(17.) 

All  voyages  between  ports  in  either  ocean  north  of  the  latitude  of  Tehuantepec,  so  far  as  regards  actual  distanee 
onliff  wonld  be  favored  more  or  less  by  that  roate ;  and  all  voyages  between  all  ports  in  the  Atlantic  and  those  to  the 
south  of  Tehuantepec,  in  the  Pacific,  would  be  favored  in  all  respects  via  Nicaragua. 

[Page  6,  Mr.  Ximmo's  report.] 

Table  1. — Number  of  vessels  and  amount  of  tonnage  which  might  have  passed  through  the  proposed  canal  if  it  had  been  ocm- 

structed. 

[N.  B. — ^This  table  la  baaed  upon  statistica  of  the  lateat  year  for  which  the  requisite  data  can  be  obtained.] 


1.  Ayerage  number  of  Teasels  and  amoant  of  tonnage  entered  at  and  cleared  from  either  side  of  the  Isthmus  of  Panama, 

annually,  in  trade  with  all  nations*  (Appendix  2  and  3)  — 

2.  Vessels  entered  and  cleared  from  Pacific  ports  of  the  United  States  in  trade  around  Cape  Horn  with  Atlantic  ports 

of  the  United  States  during  the  year  ended  June  30,  1879  f  ( Appendix  4) 

3.  Vessels  entered  at  and  cleared  from  Atlantic  porta  of  the  United  States  in  trade  with  foreign  countries  west  of  Cape 

Horn,  during  the  year  ended  June  30,  1879  (Appendix  5) 

4.  Vessels  entered  at  and  cleared  from  Pacific  ports  of  the  United  States  in  trade  with  foreign  countries  east  of  Cape 

Horn,  during  the  year  ended  June  30,  1879  (Appendix  6) 

5.  Vessels  entered  at  and  cleared  from  ports  of  the  several  countries  of  Europe  in  trade  around  Cape  Horn  with  foreign 

countries  other  than  the  United  States,  during  the  latest  year  for  which  the  data  can  be  stated  with  respect  to  each 
country  (Appendix  7) 

6.  Vessels  entered  at  and  cleared  from  ports  of  British  Columbia  in  trade  with  countries  of  Europe,  during  the  year 

ended  June  30, 1879 


ToUl 


Tons. 


533,000 
120,662 

247,567 
551.929 

1, 462, 887 
22,331 


2, 818       2, 938,  w86 


*  An  estimate  from  the  report  of  the  Unitdd  States  consul  at  Panama  ( Appendix  2),  and  from  a  statement  compiled  from  British  consular 
retnms  (Appendix  3). 

t  Compiled  from  special  reports  by  collectors  of  customs. 

[Page  8.1 

Table  2.— SHOWING  THE  TONNAGE  ENGAGED  IN  GUANO  AND  NITER  CAKRYING,  VIA  CAPE  HORN,  A 

BUSINESS  CONDUCTED  BY  SAILING  VESSELS. 


Westward  passages,  via  Cape  Horn 
Eastward  passages,  via  Cape  Horn  . 

Total 


INTEROCEANIO  GOMMUIS^ICATIOIS^  BY  WAY  OF  AMERICAN  ISTHMUS.     211 


[Page  9.] 

Table  3.— SHOWING  THE  DEDUCTIONS  MR.  NIMMO  ESTIMATES  SHOULD  BE  MADE  FROM  THE  GROSS 
AMOUNT  OF  TRADE  WHICH  MIGHT  HAVE  PASSED  THROUGH  A  CANAL,  AS  SHOWN  PER  TABLE, 
PAGE  6,  AMOUNTING  TO  2,938,386  TONS. 


Vessels. 

79 

24 

372 

52 

810 

Tons. 

(a)  VesAels  employed  in  trade  between  Atlantic  ports 
of  the  United  Statues  and  Australia 

53,685 

17, 120 

368,193 

64,604 
810.000 

(b)  Vesaela  employed  in  trade  between  Atlantic  porta 
of  the  United  States  and  Chili 

(e)  Vessels  employed  in  trade  between  Europe  and 
Chili 

{d)  One-half  of  the  tonnage  employed  between  At- 
lantic ports  of  the  United  States  and  China  and 
Janan  (estimated) 

(e)  Vessels  engaged  in  guano  and  nitrate  of  soda 
trade  between  Atlantic  ports  of  the  United 
States  and  porta  of  Europe,  with  the  western 
coast  of  South  America 

Total 

1,337 

1,313,602 

Deductiug  the  above  amount  from  2,938,1^6  tons,  he  arrives  at  1,6'24,784  tons  as  representing  the  probable  busi- 
ness of  the  canal. 

The  several  amounts  of  tonnage  in  Table  1,  with  the  exception  of  2  and  6,  contain  items  of  carriage  between 
ports  lying  to  the  north  or  to  the  south  of  Tehuantepec,  to  be  credited  to  each  of  the  routes,  as  follows : 

Item  1.  Traffic  over  Panama  Railroad  with  San  Francisco  (page  19)  30,734  tons,  credit  to  Tehuantepec. 

Item  3.  China  and  Japan  trade,  129,208  tons,  credit  to  Tehuantepec. 

Item  4.  Trade  with  Brazil  and  Africa  (Appendix  6),  ld,568  tons,  credit  to  Nicaragua. 

Item  5.  Trade  with  west  coast  of  Mexico  (Appendix  7),  11,438  tons,  credit  to  Tehuantepec. 

Distributing  the  amounts  according  to  the  indications  given  in  the  table,  and  correcting  as  above,  the  following 
results  are  obtained : 


Tonnafre  for 
which  Tehuan- 
tepec would  be 
the  shorter  dis- 
tance. 


Iteml 

2 

3 

4 

5 

6 

Totals 


•    Tons. 

30, 734 

120,662 

129, 208 

533, 361 

11,438 

22.331 


847,734 


Tonnage  for 
which  Nicara- 
gua would  be 
the  shorter  dis- 
tance. 


Tons. 
502,266 


118, 359 

18,568 

1, 451, 459 


2, 090, 652 


That  is,  of  the  total  carrying  trade  between  the  Atlantic  and  Pacific  ports,  as  per  Mr.  Nimmo^s  table,  five-sevenths 
would  be  favored  by  the  Nicaragua  route. 

Mr.  Nimmo  made  deductions  as  per  Table  3,  by  which  he  reduced  the  probable  business  of  a  canal  to  1,625,000  tons 
In  these  deductions  one-half  the  carrying  trade  between  our  Atlantic  ports  and  those  of  China  and  Japan  is 

included,  and  in  order  to  ascertain  what  proportion  of  1,625,000  tons  carrying  business  Tehuantepec  would  favor  in 

distance,  that  trade  must  be  deducted  from  the  amount  above  credited  to  the  route : 

Tons. 

Proportion  for  which  Tehuantepec  was  before  found  to  be  the  shorter  distance 847, 734 

Deduct  half  trade  with  China  and  Japan  (item  1,  page  9) 64, 604 

Carrying  trade  for  which  Tehuantepec  is  the  shorter  route 783, 130 

Total  Mr.  Nimmo's  estimated  traffic 1,625,000 

Carrying  trade  for  which  Nicaragua  would  be  the  shorter  route 841, 870 

In  further  discussion  of  this  subject  it  will  be  shown  that  Nicaragua  is  quite  as  favorably  situated  as  Tehuaute- 
pec  for  all  this  carrying  business,  except  that  between  our  own  ports  on  the  two  OQe^QS  aud  also  that  between  our 
Atlantic  ports  and  those  of  the  west  coast  of  Mexico. 
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Assuming  this  to  bo  the  caso,  the  following  results  are  shown  by  Mr.  Nimmo's  tables : 


Item  1. 

o 

3. 
4. 


5. 


6. 


Tonnage  via 
Tehuan  tepee 
aa  the  dbortei 
route. 


T(ms. 

30, 734 
120.662 


'^N^cJi^^^alS      Tonnage  which 

t'hrJh^'Ae*?     si^!;L!t!^« 

route.  I        ^^^^^^  ^'''^^' 


162,834 


Toils. 

502,266 


118, 359 

18,568 

1. 451, 459 


2,  090, 652 


ToJii. 


129,208 
533,361 


*22, 331 


684,900 


OR,  ON  THE  BASIS  OF  1,625,000  TONS  CARRYING  TRADE— 


Item  1. 
2. 
3. 
4. 
5. 
6. 


30, 734 
120,662 


11,438 


502,266 


118,  359 

18,568 

138,  003 


129, 208 
533,361 


*22,331 


162,  834 


777,266 


684,900 


*  Supposed  to  be  with  European  ports. 

Thus  it  appears  that  of  the  carrying  business  Mr.  Ninuuo  found  for  a  canal,  1(52,824  tons  would  be  favorwl  by 
Tehuantepec  ;  777,266  tons  by  Nicaragua ;  and  684,900  tons,  other  things  than  distance  being  equal,  would  take  either 
route  with  like  advantage. 

The  grain  carrying  from  the  Pacific  Slope  would  mako  much  larger  figures  for  Item  4,  Table  1,  than  Mr.  Nimnio 
gives;  but  this  business  being  conducted  with  European  ports  would  not  add  a  ton  to  the  list  favored  hy  Tehimntepac, 
but  would  pass  to  the  third  column  above. 


(18.) 
DISTANCES  NEW  YORK  TO  SAN  FRANCISCO. 


Via  Panama 

Via  Nicaragua 

Via  Tehuantepec  . . 
For  sailing  vessels. 


Distance 
adopted. 


Miles. 
5,245 
4,871 
4,311 

•    4,320 


[Distances,  from 
report  of  Com- 
modore Shu- 
feldt. 


Miles. 


5,300 


4,400 


Distances,  from 
report  of  Gen- 
eral Barnard. 


Miles. 


5,039 
4,704 
3,083 


DISTANCES  NEW  ORLEANS  TO  SAN  FRANCISCO. 


Via  Panama 
Via  Nicaragua. 
Via  Tehuantepec 


Distance  New  York  to  San  Francisco,  via  Panama 

Distance  New  York  to  San  Francisco,  via  Tehuantepec. 

Difference  in  favor  of  Tehuantepec 

Difference  as  stated  by  Captain  Eads ; 

Error  in  Captain  Eads's  statement 


5,245 
4.311 


934 
1,500 


566 
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Washington,  March  15,  1882. 

Dkar  Sik  :  Plejise  find  herewith  letter  from  Capt.  C.  G.  Luudborg,  engineer  and  naval  constructor,  regarding  the 
feasibility  of  a  railway  for  the  transportation  of  loaded  ships.  Captain  Lundborg,  formerly  an  officer  in  the  Royal 
Swerfish  Navy,  stands  very  high  among  the  naval  coustrnctors  of  Europe.  Having  also  commanded  ships  afloat,  he  is 
especially  competent  to  express  an  opinion  upon  the  points  involved,  while  his  high  integrity  gives  his  professional 
opinion  an  especial  value. 

With  much  respect,  truly  yours, 

WILLIAM  L.  MERRY. 
Cai>t.  S.  L.  Phelps,  Washington. 

Washington,  D.  C,  March  15,  1882. 

Dkar  Sir:  I  have  had  the  honor  of  receiving  your  not-e  of  18th  instant,  asking  my  opinion  with  regard  to  ^'the 
feasibility  of  transporting  loaded  ships  of  such  tonnage  as  now  in  use  over  a  ship-railway." 

Before  attempting  a  reply  to  your  question,  I  would  first  observe  that  thtre  is  no  such  railway  in  existence  for 
transporting  large  vessels  for  any  considerable  distance  overland,  the  marine  railways  in  use  being  for  the  purpose  of 
hauling  vessels  out  of  the  water  on  docks  for  survey  or  repairs,  and  there  is  accordingly  no  previous  experience  to 
assist  in  solving  the  problem. 

The  subject  is  of  such  magnitude,  embracing  so  many  points  of  vital  importance,  that  it  can  hardly  be  properly 
discussed  within  the  limited  space  of  a  letter;  but  the  conclusions  resulting  from  some  thought  given  to  it  are  any- 
thing but  favorable  to  such  a  project. 

As  the  displacement  of  some  modern  steamships  now  afloat  exceeds  13,000  tons,  and  as  in  all  probability  yet  larger 
vessels  will  be  built  within  the  near  future,  such  a  railway,  if  intended  to  meet  the  requirements  of  commerce  at  large, 
should,  I  take  it,  be  capable  of  transporting  a  ship  weighing  with  the  cradle  supporting  it  at  least  25,000  tons. 

Granting  that  all  the  formidable  engineering  difficulties  of  constructing  such  a  road,  with  all  the  solidity  aud 
perfection  necessary,  could  be  overcome,  the  bare  possibility  of  which  may  be  conceded,  as  being  purely  a  question  of 
money  and  time,  the  remaining  part  of  a- successful  solution  of  the  problem  would  consist  in  the  removing  of  th«  ship 
with  cargo  from  the  element  in  which  she  floats  on  the  railway,  the  transportation  for  some  distance  over  land,  and 
her  removal  from  ihe  road  into  the  water  again. 

The  first  and  last  of  these  operations  would  be  about  the  same  as  practiced  on  the  marine  railways  for  repairing 
vessels,  but  it  must  be  remarke<l  that  this  is  very  seldom  done  with  ships  having  the  cargo  in,  and  would  rarely,  if 
ever,  be  permitted  by  the  underwriters  without  extra  heavy  premiums,  on  account  of  the  imminent  risk  of  damage, 
seeing  that  no  possible  shoring  up,  with  ever  so  many  points  d'appuis  in  the  cradle,  could  effectually  replace  the  support 
of  the  water,  distributed  as  it  was  over  every  point  of  the  hull's  surface.  Now  the  risk  of  damage  must  increase  with 
the  distance  that  the  ship  would  have  to  be  carried,  and  it  would  become  still  much  greater  with  the  higher  speed 
that  might  be  attempted  on  the  level  part  of  the  road. 

If  it  was  possible  to  build  the  road  with  mathematical  exactness,  on  unyielding  ground,  of  unyielding  materials,  and 
w  ith  the  great  number  of  wheels  and  axles,  upon  which  the  great  load  should  rest«  all  of  exact  size  and  form,  the  work 
of  moving  a  large  loaded  ship  over  such  a  road  might  be  accomplished  without  much  risk  of  damage  to  her  hull;  but 
inasmuch  as  no  such  perfection  of  workmanship  or  materials  is  attainable,  there  would  inevitably,  even  at  a  very  low 
speed  (three  or  four  miles  per  hour),  occur  such  jars  and  vibration,  together  with  occasionally  heavy  strain  suddenly 
thrown  upon  certain  points,  that  could,  in  my  opinion,  hardly  fail  to  loosen  rivetiS  and  joints,  if  an  iron  ship,  or  open 
seams  and  loosen  fastenings,  if  a  wooden  one,  or  do  other  serious  damage. 

No  doubt  ships  could  be  bojlt  with  additional  expense  strong  enough  to  stand  the  ordeal  of  such  a  trip,  but  even 
then  there  would  yet — even  with  the  best  possible  preparations  without  regard  to  cost  or  capital  expended — always 
remain  obstacles  to  a  successful  traffic  over  such  a  road,  formidable  enough  to  make  a  sbip-railway  for  the  purpose  of 
carrying  loaded  vessels  of  large  tonnage  some  distance  over  land  a  most  unpromising  undertaking.  As  ships  now  are 
built,  either  for  merchant  service  or  for  war  purposes,  I  cannot  but  consider  any  such  scheme  as  impracticable,  or  as  one 
that  ought  not  to  be  seriously  entertained  with  the  slightest  hope  of  success. 
I  am,  dear  sir,  with  great  respect,  your  obedient  servant, 

C.  G.  LUNDBORG, 
Engineer  and  Naval  Constructor. 
Capt.  William  L.  Merry,  Washington, 
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L'Isthme  de  Darien  et  le  flenve  du  mdme  nom^an  point  de  vue  d'un  projet  de  Canalisation  Interoodanique.     V.  A. 

Malte-Bmn.    Annales  des  Voyages. 

Ml  I  S  C  E  L  r. -A.  N- B3  O  TJ  S  . 

Considerations  on  the  Great  Isthmus  of  Central  America.  Captain  R.  Fitzroy,  Royal  Navy.  Journal  of  the  Royal 
Geographical  Society,  vols,  xx  and  xxiii. 

A  succinct  view  and  analysis  of  information  on  .the  practicability  of  joiuing  the  Atlantic  and  Pacific  Oceans  by  a 
Ship-Canal.    R.  B.  Pitman.    London.    18*25. 

Considerations  snr  les  int^rdts  politiques  et  commerciaux  qui  se  rattachent  h,  Flsthme  de  Panama.  A.  Denain, 
Paris.    1845. 

Political  Essay  upon  New  Spain.    Alex,  von  Humboldt. 

Bulletin  of  the  American  Geographical  and  Statistical  Society  for  1854.  Interoceanio  communication  across  the 
Isthmus  of  Panama  or  Darien.    George  B.  Watts. 

Mittheilungen  aus  Justus  Perthes  (}eographischer  Anstalt.    Dr.  A.  Peterman.    Vols,  for  1861-'62-^63. 

Message  of  the  President  of  the  United  States  in  relation  to  Central  America.    1850. 

Speech  of  Hon.  Edward  Everett.    1853. 

Speech  of  Hon.  E.  Ward,  of  New  York,  February  15, 1859. 

(Eavres  of  Napoleon  III.    Vol.  2. 

Official  dispatch  No.  278  from  the  American  minister  at  Berlin,  Mr.  Wheton,  to  the  Secretary  of  State,  December  17, 
1845.    (Twenty-ninth  Congress,  second  session,  Executive.     **  Confidential.") 

Panama,  Nicaragua,  and  Tehnantepoc.  The  Question  of  Communication  between  the  Atlantic  and  Pacific.  W.  B. 
Liot.    London.     1849. 

The  Gate  of  the  Pacific.    By  Commander  Bedford  Pim,  R.  N.     1863. 

Discussion  of  Pim's  route.    Proceedings  of  Royal  Geographical  Society  for  1861-62. 

Edinburgh  Review  for  January,  1809,  and  vol.  xvi. 

Colburn*s  New  Monthly  Magazine,  Jnly  to  December,  1850. 

Report  of  British  Association  for  1850. 

Report  on  the  progress  of  Geographical  Science  for  the  year  1864.  V.  A.  Malte-Brun.  Bulletin  of  the  Paris  Geograph- 
ical Society.    1864. 

Description  of  eight  different  routes  across  the  Isthmus.     By  V.  A.  Malte-Brun.     Annales  des  Voyages  for  1H57. 

Canalisation  des  Isthmes  de  Suez  et  de  Panama,  par  les  p^res  de  la  Compaguie  Maritime  do  Saint-Pie,  ordro  Religieux, 
Militaire  et  Industriel.    Paris.     1848. 

Memoir  of  the  Mexican  Revolution.    W.  Robinsou.     1820. 

Annales  des  Ponts  et  Chansdes.     1841  to  1845,  and  1846  to  IboO. 

Report  on  European  tnnnels.  By  Charles  S.  Storrow,  A.  M.,  C.  E.,  A.  A.  S.  (Report  of  the  Commissioners  upon  the 
Troy  and  Greenfield  Railroad  and  Hoosac  Tunnel,  February  28,  1863.   Massachusetts  Senate,  No.  93.) 

Voyage  of  Her  Majesty's  Ship  Herold.    2  vols.    1853.     Seeman. 

Jon rnal  of  Society  of  Arts.    London  January,  1857. 

Harper's  Weekly,  March  20,  1858. 

Jefferson's  works. 

Canal  Interoc6anique  du  Darien  Am^riqne.  Notice  historique  et  g6ographique  snr  F^tat  de  la  question  du  canal  dn 
Darien,  par  M.  V.  A.  Malte-Brun.    Paris.    1866. 

Annales  de  la  Soci^t^  de  Geographic  for  1865  and  1866. 

La  question  du  percement  de  Plsthme  de  Panama  devant  un  Congrds  International.    Par  H.  Bionne.     Paris.     1866. 

Memoirs  of  Great  Britain  and  Ireland.    Sir  John  Dalrymple.    Vol.  ii. 

Voyage  around  the  Globe.    W.  Dampier.     London.    1729. 

Encycloprodia  Britannica.    Vols.  2,  5,  7,  8, 12,  16,  and  17. 

Report  of  Hon.  C.  Fenton  Mercer,  chairman  of  Committee  on  Canals  and  Roads,  on  the  memorial  of  Aaron  Clark, 
Mayor  of  New  York,  H.  Le  Roy,  W.  Radcliff,  and  other  merchants  of  Now  York,  and  Matthew  Carey,  of  Phila- 
delphia, praying  aid  of  the  Unite<l  States  in  procuriug  the  construction  of  a  canal  across  the  Isthmus  between 
North  and  South  America.    Ex.  Doc,  Twenty-fifth  Congress,  third  session.  House  of  Representatives. 

Instructions  to  Rear  Admiral  Daniel  Ammen  and  Civil  Engineer  A.  G.  Menocal,  U.  S.  N.,  delegates  to  the  Interoceanio 
Canal  Congress,  and  their  reports  of  the  Proceeding  of  the  Congress. 

Les  Isthmes  Am^ricains.  Projet  d'nne  Exploration  G^graphiqne  Interoationale  des  terrains  qui  semblent  presenter 
le  plus  de  facilit^s  pour  le  percement  d'un  Canal  Maritime  Interoc^anique.  Par  M.  L^on  Drouillet,  ing<$nienr. 
Paris.    1876. 

Hoci6t6  de  G^ographie  et  Commission  de  Geographic  Commerciale  de  Paris.  Section  Fran^aise  du  Comity  Interna- 
tional d'fitude  pour  Vexploration  de  PIsthme  Am^ricain,  en  vue  du  percement  d'un  Canal  Interoc^anique.  Proc^ 
verbal  de  la  s^nce  du  11  mai  1876.    Paris.    1876. 
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Note  oomparatlTe  entre  le  Canal  de  Suez  ot  lea  divers  trac^  propose  pour  Ic  Canal  Interoc^aniqae,  par  M.  V.  Daozato, 

ing^niear  civil,  chef  du  service  an  Canal  de  Snez, 
Correspondence  relating  to  the  proposal  of  the  Chiriqni  Improvement  Company  to  sell  certain  lands  to  the  United 

States. 

Report  of  a  Special  Committee  of  the  San  Francisco  Board  of  Trade,  on  the  Interoceanio  Canal.    April,  1880. 

Supplementary  Report  of  the  Special  Committee,  of  the  San  Francisco  Board  of  Trade,  on  the  Interoceanio  Canal. 
September,  1880. 

Annual  Report  of  the  Chief  of  Bureau  of  Statistics,  United  States  Treasury  Department,  on  the  Foreign  Commerce 
of  the  United  States  for  the  fiscal  year  ended  June  30, 1879. 

Bulletin  du  Canal  Interoc^anique.    Paris. 

Interoceanio  Canals.  An  essay  on  the  question  of  location  for  a  Ship  Canal  across  the  American  Continent.  By 
Henry  Stuckle.    New  York.    1870. 

Reports  of  Committees,  second  session.  Thirtieth  Congress. 

Message  from  the  President  of  the  United  States,  transmitting  a  Report  from  the  Secretary  of  State  relative  to  steps 
taken  by  the  Government  of  the  United  States  to  promote  the  construction  of  an  Interoceanio  Canal  across 
the  Isthmus  of  Darien.     House  Ex.  Doc,  No.  10,  Forty-sixth  Congress,  first  session. 

Message  from  tlie  President  of  the  United  States,  in  response  to  Senate  resolution  of  February  11,  1880,  covering  a 
Report  of  the  Secretary  of  State,  with  accompanying  documents  in  relation  to  the  proposed  Interoceanio  Canal 
between  the  Atlantic  and  Pacific  Oceans.     Senate  Ex.  Doc.  No.  112,  Forty-sixth  Congress,  second  session. 

The  surveys  of  proposed  lines  for  a  Ship-Canal  between  the  Atlantic  and  Pacific  Oceans.  A  paper  by  Dr.  Cullen,  read 
before  the  Society  of  Engineers,  London,  February  3,  1868. 

Interoceanio  Canal.    A  magazine  article  contained  in  the  Califomian  for  July,  1880.    By  L.  W.  Merry. 

Testimony  taken  before  the  Select  Committee  on  the  Interoceanic  Canal.  House  Miss.  Doc.  No.  16,  Forty-sixth  Con- 
gress, third  session. 

Report  of  the  United  States  Interoceanic  Canal  Commission,  appointed  by  President  Grant  in  1872  to  report  upon  the 
route  best  suited  to  the  re<iuirements  of  an  Interoceanic  Ship-Canal. 

Interoceanic  Ship-Canal  discussion.    Bnlletin  of  the  American  Geographical  Society,  No.  4,  1879. 

Discussion  on  Interoceanic  Canal  projects.    American  Society  of  Civil  Engineers. 

Proceedings  of  the  Institution  of  Civil  Engineers.     London. 

Journal  of  the  Franklin  Institute. 

British  and  Foreign  State  Papers.  Compiled  by  the  librarian  and  keeper  of  the  papers  of  the  foreign  office  [L.  Herts- 
let].    VoU.  i  to  Ixiii,  1812-1873.    8".    London.     1841-79. 

T6tot.  Repertoire  des  trait6s  de  paix,  do  commerce,  d'alliance,  etc.  Conventions  et  autres  actes  conclus  entre  tontes 
les  puissances  du  globe.  Principalement  depuis  la  paix  de  Westphalie  jusqu'l^  nos  jours.  Partie  alphab^iqne, 
1495-1867.    Partie  chronologique,  1493-1866.    2  vols.    8^.    Paris.     1866. 

Martens.  Recueil  des  principaux  trait^s  d'alliance,  de  paix,  de  tr^ve,  de  neutrality,  de  commerce,  de  limites,  d*^- 
change,  etc.,  conclus  par  les  puissances  de  TEurope  taut  enti;^  elles  qu'avec  les  puissances  et  ^tats  dans  d'autres 
parties  du  monde,  depuis  1761,  jusqu'^  present  (1801).  7  vols.  Gottingen,  1791-1801.  [The  foregoing  work  forms 
the  first  series  of  the  important  general  collection  of  treaties  founded  by  G.  F.  von  Martens,  which,  under  several 
editions  and  with  several  variations  of  title,  has  been  oon tinned  to  the  present  time.  The  abridged  titles  of  the 
continuation  are  given  below.  ] 

Supplement  an  recueil,  1761-1807.    vols.  8-11. 

Recueil  des  traits.    2*  6d.    1761-1808.    vols.  12-19. 

Nonvean  recueil,  1808-1839.    vols.  20-35. 

Nouvean  supplement  an  recueil,  1761-1839.    vols.  36-38. 

Nouveau  recueil  g^n^ral,  1840-75.    vols.  39-58. 

Nonveau  recueil  general.    Deuxi^me  s^rie,  1853-1880.    vols.  59-63. 

[The  following  list  of  the  works  in  the  possession  of  the  Paris  Geographical  Society,  whioh  have  or  may  have 
reference  to  the  Interoceanic  Canal  subject,  is  kindly  furnished  by  Mr.  James  Jackson,  secretary  of  the  society.] 

Reconocimiento  del  istmo  de  Tehuantepeo  practicado  en  los  alios  1842  y  1843,  con  el  objeto  de  una  communicacion 
Oceanica.    Jos^  de  Garay.    Londres.    1844.    Broch.  in  8P. 

m 

Le  chemin  de  fer  de  Tlsthme  de  Tehuantepeo;  etude  scientifique  et  Industrie  lie.    Henri  Stuckle.     Paris.     1869. 

Broch.  in  8^. 
Ouverture  de  PIsthme  Americain  par  le  Canal  de  Nicaragua;  ses  consequences  economiques.    Jules  Pautet.    Paris. 

1859.    Broch.  in  8^. 
Deux  ans  de  s^onr  dans  retat  de  Nicaragua  (Amerique  Centrale),  1850,  1851,  1852.    Projet  de  fondation  sur  le  lac  de 

Nicaragua,  transit  de  deux  oceans,  d'nn  hospice  religieux  h  Finstar  du  Saint-Bernard.     Colonisation,  commerce, 

exploitation  de  mines,  etc.    Auguste  Myionnet  Dupuy.    Paris.    1853.    Broch.  in  8. 
Les  grandes  routes  du  globe.    Le  Canal  Interoceaniqne  (Nicaragua  et  Panama).    Angonl^me.    1879.    Broch.  in  8. 
Canal  Interooeanique  maritime  de  Nicaragua.    Notes  et  documents  presentes  h  I'appui  du  projet  de  M.  Aristide  P.  Blan- 

chet.    Paris.    1879.    Broch.  in  4, 
Une  voie  nouvelle  k  travers  T  Amerique  Centrale.    fitude  geographique,  ethnographiquOi  et  statisti()ue  su^  le  ^on4nr^, 

BeDI>|  de  Puckau.    P»ris,    1866.  •  Broch^  in  8, 
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La  rdpnbliqae  de  Honduras  et  son  chemin  interoo^anique.    Gustave  de  Belot  et  Charles  Lindemann.    Paris.    1867. 

Broch.  in  8. 
Beitrage  za  einer  physisoh-geographischen  Skizze  des  Isthmus  von  Panama.    Dr.  Moritz  Wagner.    Gotha.    1861. 

Broch.  in  4. 
La  Yille  et  le  port  de  Panama.    A.  de  Zeltner.    Paris.    1868.    Broch.  in  8. 
Percement  de  Flsthme  de  Panama.    Le  oongr^  de  Paris,  pr^sidd  par  M.  le  comte  Ferdinand  Lesseps.    Pfuris.    1879. 

Broch.  in  8. 
La  y^rit^  sur  le  Canal  Interoc^anique  de  Panama.    Luoien  de  Pnydt.    Paris.    1879.    Broch.  in  8. 
A  travers  Plsthme  de  Panama.    Trao^  interoc^anique  de  L.  N.  B.  Wyse  et  A.  Reclus.    Louis  Verbrugghe.    Paris. 

1879.    1  vol.  in  8. 
Relief  du  terrain  traverse  par  le  Canal  Interoc^anique  &  niveau  constant  de  la  baie  de  Limon  h  la  rade  de  Panama, 

d^apr^  MM.  Wyse  et  Reclus.    Relief  map.    Louis  Charles  Alexandre  Muset. 
Canal  Interocdanique.    Route  par  Paya,  Isthme  du  Darien.    Exploration  de  1866.    L.  Lacharrae.    Paris.    1878.  Broch. 

in  4. 
Canal  Interoc^nique.    Projet  ayant  pour  but  la  mise  en  communication  des  deux  oceans,  par  un  canal  maritime  qui 

traverserait  risthme  du  Darien.    L.  Lacharme.    Paris.    (1879  T).    Broch.  in  4. 
Caual  Interoo^nique.    Note  adress^  au  comity  de  direction  de  la  Soci^t^  Civile  Internationale  du  Canal  Inter- 

oc6anique,  le  15  juillet,  1877.    Paris.    1877.    Broch.  in  4. 
Notice  sur  le  Golfo  Dulce  dans  T^tat  de  Costa-Rica  (Am^rique  Centrale)  et  sur  un  uouveau  passage  entre  les  deux 

oceans.    Gabriel  Lafond  de  Lurcy.    Paris.    1856.    Broch.  in  8. 
Rapport  sur  le  Golfo  Dulce.    Colombel.    Paris.    1851.    Broch.  in  8. 
Fordts  vierges,  voyages  dans  TAm^rique  du  Sud  et  I'Am^rique  Centrale.    Louis  G.  Verbrugghe.    Paris.    1880.    1  vol. 

in  8. 
Sur  le  progr^s  de  la  geographic  et  de  la  navigation.    Ferdinand  de  Lesseps.    Paris.    1878.    Broch.  in  4. 
Le  percement  du  Canal  Interoc^anique.    Charles  d'Hane-Stenhuyse.    Bruxelles.    1879.    Broch.  in  8. 
Conp  d'oeil  g^ndral  sur  la  topographic  et  la  g^logie  du  Mexique  et  de  TAm^rique  Centrale.    Theodore  V.  d'Aousti. 

Paris.    1865.    Broch.  in  8. 
Notice  sur  les  cinq  £tats  du  Centre-Am^rique.    Victor  Herran.    Bordeaux.    1853.    Broch.  in  8. 
Coup  d'oeil  sur  la  R^publique  de  PAm^rique  Centrale  et  particuli^rement  sur  les  ^tats  de  Nicaragua  et  de  Costa-Rica. 

Dumartray  et  Rouhaud.    Paris.     1832.    Broch.  in  4. 
Notice  sur  le  Golfe  de  Honduras  et  la  R^publiqne  du  Centre-Am^rique.    Maussion  Cand^    Paris.    1842.    Brooh.  in  8. 
Cougr^  International  d'^tudes  du  Canal  Interoc^anique  r^uni  b,  Paris  le  15  mai  1879.    Hane  Stenhuyse  et  T.  du  Fief. 

Bruxelles.    1879.    Broch.  in  8. 
Lo  Canal  Interoc^anique  et  le  Congr^  International  de  Paris.    (Extrait  de  la  Bibliothdque  Universelle  et  Revue  Suisse, 

Septembre  1879.)    Jules  Marcou.    Lausaine.     1879.    Broeh.  in  8. 
Rapport  sur  les  projets  de  Canaux  Interoc^aniques,  x^digi  par  M.  Voisin-Bey,  au  nom  de  la  Commission  technique  du 

Congr^  International  du  Canal  Interoc^aniqne  tenu  h  Paris  du  15  au  29  mai  1879.    Public  par  la  Revista  de  Obras 

publicas  de  Madrid,  Nob.  22,  23,  24  (1879),  1,2,3  (1880). 
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